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         Module 4: Supply

         
         
         
         
            
            
            Module 4 contains the following sections:

            
            
            
            
               
               
               	
                  
                  
                  Section A,
                     “Creating and Validating the Master Schedule,” describes the principles and
                     techniques for master scheduling and creating a master production schedule
                     (MPS), which is the primary input to the material requirements plan.
                     Validating the MPS involves using rough-cut capacity planning to look at
                     critical work centers, work center efficiency and utilization goals, and
                     maintenance schedules.

                  
                  

               
               
               
               	
                  
                  
                  Section B, “Using
                     and Maintaining the Master Schedule,” examines master scheduling roles,
                     schedule stability, valid order promises, and how to monitor and manage the
                     master schedule to make timely adjustments on an ongoing basis despite
                     challenges.

                  
                  

               
               
               
               	
                  
                  
                  Section C, “Material Requirements
                     Planning,” describes the principles and techniques involved in material
                     requirements planning (MRP) for the planning of materials and releasing of
                     orders in support of the MPS. The section also describes the logic behind
                     MRP and how to manage and evaluate MRP performance.

                  
                  

               
               
               
               	
                  
                  
                  Section D, “CRP and
                     Scheduling,” covers the more-detailed capacity check called capacity
                     resource planning (CRP) as well as MRP-based scheduling and final assembly
                     scheduling (FAS). FAS supports the demand plan, available-to-promise, and
                     capable-to-promise. The section also covers how to use and maintain the FAS
                     and measure performance against the FAS.

                  
                  

               
               
               
               	
                  
                  
                  Section E,
                     “Suppliers and Purchasing,” discusses how to identify capable suppliers and
                     develop supplier relationships. It covers sourcing models and collaborating
                     with suppliers. The section also focuses on principles and techniques used
                     to source both materials and capacity. Procurement must align with the
                     organization’s strategy and goals related to its financial, risk management,
                     and sustainable goals. Supplier participation, performance, communications,
                     and collaboration are discussed.

                  
                  

               
               
               
               	
                  
                  
                  Section F, “Changes
                     and Product Life Cycle Management,” shows how to replan order priorities and
                     revise lead time, lot size, safety stock quantity, kanban quantity, and
                     cycle times. It addresses using what-if analysis and monitoring buffer
                     status. The section also covers new product introduction (NPI) schedules,
                     prototype schedules, and end-of-life plans.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Section A: Creating and Validating the
            Master Schedule

         
         
         
         
            
            
            
               After
                  completing this section, students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Explain the
                     relationships among master scheduling, capacity management, and materials
                     management

                  
                  

               
               
               
               	
                  
                  
                  Explain the various
                     elements of the master scheduling grid

                  
                  

               
               
               
               	
                  
                  
                  Describe the
                     linkages between master scheduling and other planning processes

                  
                  

               
               
               
               	
                  
                  
                  Differentiate
                     how the various manufacturing environments interact with the master
                     scheduling process and product structures

                  
                  

               
               
               
               	
                  
                  
                  Explain uses and
                     types of planning bills of material (BOMs)

                  
                  

               
               
               
               	
                  
                  
                  Describe the
                     roles of master scheduling and rough-cut capacity planning (RCCP) in the
                     planning and control hierarchy

                  
                  

               
               
               
               	
                  
                  
                  Describe the RCCP
                     process and the capacity planning using overall factors (CPOF), bill of
                     labor, and resource profile approaches

                  
                  

               
               
               
               	
                  
                  
                  Describe ways to
                     resolve capacity imbalances discovered in RCCP and complications that can
                     get in the way of the balancing process

                  
                  

               
               
               
               	
                  
                  
                  Identify and manage
                     critical work centers to support the master production schedule

                  
                  

               
               
               
               	
                  
                  
                  Develop work center
                     efficiency and utilization goals and monitor performance

                  
                  

               
               
               
               	
                  
                  
                  Incorporate
                     maintenance schedules in capacity planning.

                  
                  

               
               

            
            
            
            This section first shows how master scheduling fits into the
               overall manufacturing planning and control hierarchy, and it next addresses how
               master scheduling differs by manufacturing environment. Planning bills for ATO
               products are then covered. After that, the section addresses the level in the bill
               of materials (BOM) where the master production schedule (MPS) should be developed
               as
               well as sources of independent demand to be considered in master scheduling. The
               process of creating the MPS is addressed in detail. The section also describes the
               RCCP process and its subtypes, how to resolve capacity imbalances discovered using
               RCCP, and how to identify, manage, monitor, and maintain critical work centers.

            
            

         
         
         
         
   
      
         
         
         
         Master
            Scheduling Road Map

         
         
         
         
            
            
            Here we show where
               master scheduling fits within the manufacturing planning and control
               (MPC) hierarchy, how MPC elements relate to the business hierarchy,
               and how master scheduling differs by manufacturing environment.
               Regardless of how simple or complex the manufacturing environment,
               the basic principles of master scheduling apply and are the foundation
               for successful master scheduling. To that end, we address master
               scheduling terminology and the purpose and objectives of master scheduling.

            
            

         
         
         
         
         
            
            
            Master Scheduling in MPC

            
            
            
            
               
               
               The ASCM Supply Chain
                     Dictionary defines master scheduling and the master scheduler as
                  follows:

               
               
               
               
                  
                  Master scheduling: The process where the master schedule is generated and reviewed and
                     adjustments are made to the master production schedule (MPS) to ensure
                     consistency with the production plan. The MPS (the line on the grid) is the
                     primary input to the material requirements plan. The sum of the MPSs for the
                     items within the product family must equal the production plan for that
                     family.

                  
                  Master scheduler: Often the job
                     title of the person charged with the responsibility of managing, establishing,
                     reviewing, and maintaining a master schedule for select items. Ideally, the
                     person should have substantial product, plant, process, and market knowledge
                     because the consequences of this individual’s actions often have a great impact
                     on customer service, material, and capacity planning.

                  

               
               
               
               Master scheduling is a process that a master
                  scheduler uses to produce a master schedule based on the production plan and other
                  inputs, and the key line or output of this schedule or grid is a master production
                  schedule (MPS).

               
               
               
               One of the key operational concerns in
                  master scheduling is making sure that the master schedule is kept up-to-date. Master
                  scheduling is a dynamic process. It requires continual changes to the master
                  scheduling grid as customer orders are received, the current planning period
                  elapses, and a subsequent period rolls into the current planning period position.
                  For this reason, maintaining the schedule requires

               
               
               
               
                  
                  
                  	
                     
                     
                     A consistent
                        periodic review and update cycle

                     
                     

                  
                  
                  
                  	
                     
                     
                     Timely
                        transaction processing, as in the recording and reporting of data.

                     
                     

                  
                  

               
               
               
               Master scheduling is usually supported by applications software
                  or integrated enterprise resources planning systems. These usually employ weekly or
                  daily planning periods and update cycles. They also provide timely transaction
                  processing and reporting. This provides a high level of assurance that the MPS input
                  to material requirements planning will keep manufacturing resources and output
                  aligned with the sales and operations plan and inventory balances will support
                  reliable order promising.

               
               
               
               Similar to S&OP, the four fundamentals of master
                  scheduling are demand, supply, volume, and mix. Master scheduling is driven by
                  S&OP and demand management. The outputs of master scheduling drive material
                  planning, demand management, and rough-cut capacity planning. A smooth transition
                  from S&OP to master scheduling is an important step in manufacturing planning
                  and control.

               
               
               
               Exhibit 4-1 shows
                  where master scheduling fits in the manufacturing planning and control
                  hierarchy.

               
               
               
               
                  Exhibit 4-1: Manufacturing Planning and Control[image: This diagram represents the integration of demand-side activities, strategic and business planning, priority planning, supply-side activities, and production activity control in a manufacturing environment. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               The key planning input is the production plan generated in
                  S&OP. Note how the key input from demand management is now demand in individual
                  end items rather than in aggregated product families. Also, replenishment orders
                  from distribution centers as part of distribution requirements planning provide
                  additional actual demand input. On the capacity planning side, note how rough-cut
                  capacity planning (RCCP) helps validate that critical or bottleneck resources have
                  sufficient capacity for the MPS, which is a key output of the master scheduling
                  process.

               
               
               
               Preparing the master schedule represents a
                  significant change in the scope and objectives of planning in the MPC process. The
                  tactical planning at the S&OP level is refined in master scheduling by shifting
                  focus from S&OP’s product family volumes to the mix of products comprising a
                  product family. The master schedule is the translation of the sales and operations
                  plan into specific products, with both their quantities and timing determined. Exhibit 4-2 details
                  the differences of what is handled in S&OP versus master scheduling.

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 4-2: Master Scheduling vs. S&OP
                        
                        
                           
                           
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Master Scheduling
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                                 Production plan

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 
                                    Planning
                                       level
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 End item

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Product family

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 
                                    Planning
                                       horizon
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Longest cumulative lead time

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Longest resource lead time (e.g., 15 to
                                    24 months)

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 
                                    Planning
                                       frequency
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Daily/weekly

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Monthly

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 
                                    Planning
                                       focus
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Product mix
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                                    Output
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                                 Production plan

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               
               
               The master schedule is therefore the
                  disaggregated version of the sales and operations plan. The master schedule must be
                  tightly linked to the other planning processes. Exhibit 4-3 focuses
                  in on these relationships.

               
               
               
               
                  Exhibit 4-3: Master Scheduling Process Relationships[image: A diagram illustrating the flow of processes in master scheduling. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               
                  
                  
                  	
                     
                     
                     S&OP and production plan. The
                        production plan produced by the S&OP process provides the aggregate
                        production requirement that needs to be reflected in the master production
                        schedule. The S&OP production plan could be listed in physical or
                        monetary units, but in the MPS it is disaggregated and stated in production
                        units at the end-item or product-mix level.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Demand management
                        

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Planning
                              hierarchy: Distribution orders have the same level of importance as
                              customer orders.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Forecasting: Demand management provides forecasts to S&OP of
                              customer and end-item demand, warehouse replenishments, interplant
                              transfers, and spare parts requirements. These are used to develop
                              the aggregate demand upon which the production plan is based and
                              which is later disaggregated to end-item units in the MPS.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Customer orders: Demand management provides customer order
                              information used in determining aggregate demand during the S&OP
                              process and also the master scheduling process. In the MPS, customer
                              orders will “consume the forecast.”

                           
                           

                        
                        
                        
                        	
                           
                           
                           Order
                              promising: Data found in the master scheduling record provide the
                              customer order entry function in demand management with the
                              information needed for customer order promising.

                           
                           

                        
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Distribution requirements planning (DRP).
                        This or a similar system provides the rolled-up forecast and customer order
                        information from inventory stocking locations. This information is used to
                        develop the aggregate demand forecast at the S&OP level and ultimately
                        makes its way to the MPS, where it is disaggregated to the end-item
                        level.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Logistics planning. Along with rough-cut
                        capacity planning, logistics capacity planning determines if key
                        distribution resources are available or are in short supply. Once this is
                        determined, steps can be taken to resolve the shortages. Resources include
                        labor, storage, transportation, materials, and equipment.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Rough-cut capacity planning. RCCP
                        analyzes the master production schedule for potential production resource
                        constraints. Shortages of key labor, materials, equipment, and plant
                        capacity need to be discovered and resolved in the master scheduling
                        process.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Material requirements planning (MRP).
                        Finally, the validated master production schedule provides the gross
                        requirements of end-item units for the MRP system, which executes the
                        detailed scheduling and planning activities that plan materials and suggest
                        order release dates. Some end units may have independent demand; these could
                        be replacement parts. For example, they could be subassemblies or even
                        purchased items.

                     
                     

                  
                  

               
               
               
               The flow of demand and planning information
                  between master scheduling and the processes just reviewed is critical for successful
                  master scheduling execution.

               
               
               
               
                  
                  How
                     MPC Components Fit into Business Hierarchy

                  
                  
                  
                  Exhibit 4-4 interrelates the manufacturing environments to the MPC components
                     and the strategic, tactical, and operational planning elements of the business
                     hierarchy. Note how master scheduling is a tactical-level operation.

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 4-4: MPC Components and Business Hierarchy
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                  This exhibit shows how
                     business planning horizons shrink as planning becomes more detailed and intense.
                     Note that the horizons shown are for illustrative purposes and could differ
                     depending on the industry. Note also how the level of detail at the master
                     scheduling tactical level will depend on the manufacturing environment. For the
                     “Validation” column, note the addition of financing as a validation step. This
                     is where the financial merits of the overall strategy are assessed and approved
                     or rejected and where investment financing is determined. Note that the lowest
                     operational level encompasses production activity control as well as
                     purchasing.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Master Scheduling
               Objectives, Process, and Variants

            
            
            
            
               
               
               Here we
                  address the purpose and objectives of master scheduling and the
                  inputs, process, and outputs of master scheduling. We also address
                  how master scheduling needs to differ by manufacturing environment.

               
               
               
               
                  
                  Purpose and Objectives of Master Scheduling

                  
                  The ultimate measure
                     of successful master scheduling is its contribution to the organizational
                     goals of higher customer service levels, quicker response, lower inventories,
                     reduced costs, enhanced control, and superior financial performance. Master
                     scheduling by itself cannot accomplish these results. However, it
                     is an important contributor to these goals, so the fundamental measure
                     of the success of master scheduling is how many of these improvements
                     the organization realizes.

                  
                  
                  Let’s start with the end in mind and see
                     what master scheduling needs to accomplish to be considered successful:

                  
                  
                  
                     
                     	
                        
                        Produce what sales
                           and operations mutually agree should be produced in the priority
                           in which it should be produced per strategic objectives and the
                           S&OP production plan.

                        
                        
                        
                           
                           	
                              
                              Create a build schedule for specific products:
                                 end items, quantities, and due dates.

                              

                           
                           
                           	
                              
                              Provide required information on resources
                                 and materials, thus improving future aggregate planning.

                              

                           
                           
                           	
                              
                              Resolve
                                 tradeoffs between sales and operations.

                              

                           

                        

                     
                     
                     	
                        
                        Maintain
                           customer service at the targeted level.

                        

                     
                     
                     	
                        
                        Make
                           the most efficient and effective use of resources (materials, labor,
                           and equipment).

                        

                     
                     
                     	
                        
                        Keep
                           inventories and/or backlogs at the desired levels.

                        

                     
                     
                     	
                        
                        Enable
                           valid order promises in part by managing due dates for end item availability.

                        

                     

                  
                  
                  The
                     first objective of master scheduling listed above makes the master
                     production schedule (MPS) into a contract between the demand side
                     of the organization (sales and marketing) and the supply side (purchasing
                     and manufacturing). The MPS is a priority plan for manufacturing
                     to follow and therefore will show the impact of proposed changes
                     on those priorities. However, the master schedule and the MPS are not
                     meant to be unchangeable. Rather, these are communication tools
                     that provide baselines against which any proposed changes can be
                     evaluated. In this way, the master schedule and the MPS represent
                     both the needs of the market and manufacturing capacity.

                  
                  
                  
                  Master scheduling
                     is primarily a decision-making process performed by the master scheduler.
                     The primary responsibility of the master scheduler is to align aggregate-level
                     demand and supply with that at the detail mix level. While the major
                     purpose of S&OP is to make sure that capacity and resources
                     (materials, persons, machinery, capacity, storage space, time, money,
                     and so on) are available in advance of when they are needed for
                     the actual production of the end product, the major purpose of master scheduling
                     is disaggregating product demand to the product mix or end-item
                     level in weekly (or even daily or hourly) time intervals. The output
                     of this process is the master production schedule, which can also
                     be called the build schedule.

                  
                  
                  The objectives of maintaining customer
                     service, making efficient and effective use of resources, and keeping
                     inventories or backlogs at desired levels all reinforce this contract
                     between the demand and supply sides of the organization. Master
                     scheduling impacts customer service by producing to priorities,
                     as measured by maintaining backlogs or inventories at desired levels
                     and meeting promised due dates. Efficient and effective use of resources
                     is the supply side of this contract between sales and manufacturing.
                     This best use of resources includes not only ensuring that capacity
                     is available but also that the resources are used as fully as intended.
                     Since inventory is a major investment, maintaining inventories at
                     the desired levels can directly impact organizational profit levels.

                  
                  
                  Finally, order promising
                     means that sales can look at actual inventory levels as well as planned
                     production and provide accurate quotes on quantities and lead times
                     to customers. When sales and manufacturing honor this contract with
                     each other, this information will be available and reliable. That
                     is, master scheduling is important to more than just the operations
                     function. It is equally important to the sales and customer service
                     functions, which are responsible for promising deliveries to customers.
                     It is also the basis for tradeoffs when not all orders can be fulfilled.
                     In this way, master scheduling is the foundation for coordinating
                     sales and operations in pursuing the common goal of superior customer
                     service.

                  
               
               
               
               
                  
                  Master Scheduling Inputs, Process,
                     and Outputs

                  
                  
                  
                  
                  Exhibit 4-5 shows
                     the inputs and outputs of master scheduling from a manufacturing planning
                     and control perspective.

                  
                  
                  
                  
                     Exhibit 4-5: Inputs and Outputs of Master Scheduling[image: A diagram illustrating the flow of processes in master scheduling. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  The
                     purpose of any process is to transform inputs in one form into outputs
                     needed for the next parts of the process. The master schedule is
                     used to guide the future production of all end items. Exhibit 4-6 reviews
                     the inputs to, process of, and outputs of master scheduling. As
                     you can see, the inputs are the result of tactical-level decisions
                     within the organization (which were in turn based on strategic decisions) and
                     the outputs are at the level of tactical execution. (Note that staffing
                     levels are not a direct output but the load represented by the MPS
                     can be used to determine staffing requirements.)

                  
                  
                  
                  
                     Exhibit 4-6: MPS Inputs, Process, and Outputs[image: This image is a flowchart titled "Master Scheduling Inputs, Master Scheduling, and Master Scheduling Outputs." Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  
                     
                     
                     
                        Inputs
                        

                     
                     
                     
                     Inputs to master scheduling include detailed
                        item-level forecasts as well as actual orders from customers or
                        supply chain partners such as distribution centers or other sources
                        of independent demand. Thus the master schedule is the primary point
                        of contact between the market (in the form of orders) and the production
                        facility. While one principle of forecasting is that aggregate forecasts
                        are more accurate than disaggregated forecasts, these disaggregated
                        forecasts are still necessary. However, often these will be forecasts
                        for shorter time horizons, and they may be more accurate for this
                        reason. Actual orders will displace forecasts for the most immediate
                        periods.

                     
                     
                     
                     Some
                        additional inputs to master scheduling include capacity constraints
                        from rough-cut capacity planning, lot sizes (minimum production
                        quantities for the item), opening inventory or backlog data from
                        production and inventory databases, and desired ending inventories
                        or ending backlogs from the production plan.

                     
                     
                  
                  
                  
                     
                     
                     
                        Process
                        

                     
                     
                     
                     Here are the major
                        steps in the master scheduling process:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Disaggregate the
                              production plan into preliminary master schedules per item.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Aggregate
                              master schedules for all related end items.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Perform
                              rough-cut capacity planning.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Resolve
                              the differences and publish the master production schedule.

                           
                           

                        
                        

                     
                     
                     
                     The master scheduling
                        process performs two types of disaggregation. The first type is disaggregating
                        from product families to items (or options or raw materials). Since different
                        product families or different products may share some of these end
                        items or other materials, these sources of demand need to be combined
                        so total demand for that end item can be planned together. Another
                        important type of disaggregation is to break larger time buckets
                        into smaller ones—typically moving from months to weeks. Thus, the
                        aggregate production plan input from sales and operations planning
                        and production planning is processed, and discrete items to be produced
                        is an output. Moreover, the process of producing a master production
                        schedule transforms a general plan into a priority plan, because
                        it assigns due dates for specific quantities of end items to be
                        manufactured. These due dates and quantities are directly used in rough-cut
                        capacity planning to evaluate the availability of critical materials,
                        labor, and bottleneck work centers.

                     
                     
                     
                     The quantities of individual items in the
                        master production schedule must be equal to the aggregate quantities
                        from the production plan. Schedules generated by master scheduling
                        serve as inputs to other manufacturing planning and control functions, such
                        as material requirements planning, distribution requirements planning,
                        and rough-cut capacity planning.

                     
                     
                  
                  
                  
                     
                     
                     
                        Outputs
                        

                     
                     
                     
                     The MPS is a key
                        output of master scheduling, and it becomes a direct input to material
                        requirements planning (MRP). The MRP system will use this input,
                        along with other inputs such as inventory records and bills of material,
                        to determine the components needed for purchase or manufacture,
                        thus bringing the priority plan in terms of due dates and quantities
                        down to the component level.

                     
                     
                  
               
               
               
               
                  
                  Master Scheduling and Manufacturing
                     Environment

                  
                  
                  
                  
                  A
                     primary purpose of master scheduling is to disaggregate, or split
                     up, the production plan from product families into individual end
                     items. These end items often differ by manufacturing environment:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Make-to-stock with standardized product
                           offerings will plan finished goods.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Assemble-to-order will plan components,
                           modules, or options (work-in-process).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Make-
                           and engineer-to-order may plan raw materials.

                        
                        

                     
                     

                  
                  
                  
                  There may be differences
                     in what an organization defines as end items for master scheduling,
                     depending on the amount of input customers have on design (e.g.,
                     less-standardized products) or if the organization uses hybrids
                     or subtypes such as package-to-order or postponement.

                  
                  
                  
                  Exhibit 4-7 details
                     the differences in master scheduling approaches based on manufacturing
                     environment and identified customer requirements.

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 4-7: Master Scheduling Approach Differences by Environment
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                  In
                     MTS and some MTO environments, the master production schedule shows
                     when specific quantities of end items will be available. The precision
                     of the MPS is impacted by the accuracy of lead time, yield estimates,
                     and the bill of material.

                  
                  
                  
                  In ATO environments, the MPS consists of
                     components and subassemblies. With ATO, the organization may use
                     planning bills instead of MPS-specific products. Once customer orders
                     are received, these are configured into end items using a final assembly
                     schedule (FAS).

                  
                  
               
               

            
            

         
         
         
         
            
            
            Master Scheduling
               Terminology and Grid

            
            
            
            
               
               
               Here we differentiate the
                  terms master schedule and the master production schedule (MPS).
                  Although these terms are related, there are clear differences between
                  them. The master scheduling grid is also introduced. After that
                  we present some additional master scheduling terms.

               
               
               
               
                  
                  Master
                     Schedule

                  
                  
                  
                  
                  The ASCM Supply Chain Dictionary defines
                     a master schedule as follows:

                  
                  
                  
                  
                     
                     A
                        format that includes time periods (dates), the forecast, customer
                        orders, projected available balance, available-to-promise, and the
                        master production schedule. It takes into account the forecast;
                        the production plan; and other important considerations such as
                        backlog, availability of material, availability of capacity, and
                        management policies and goals.

                     

                  
                  
                  
                  The basic elements of the master
                     scheduling grid, as shown in Exhibit 4-8,
                     are

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        The forecast for
                           the periods in the planning horizon

                        
                        

                     
                     
                     
                     	
                        
                        
                        Customer orders (booked)

                        
                        

                     
                     
                     
                     	
                        
                        
                        The projected available inventory balance
                           (Beginning inventory is also shown.)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Inventory that is available-to-promise
                           (ATP) to customers

                        
                        

                     
                     
                     
                     	
                        
                        
                        The MPS.

                        
                        

                     
                     

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 4-8: Master Scheduling Grid
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                  The
                     master scheduling grid usually includes information on the lot size,
                     safety stock, and time fence policies (not shown here) used in master
                     scheduling.

                  
                  
               
               
               
               
                  
                  Master
                     Production Schedule

                  
                  A master production schedule
                     is used by many organizations to synchronize their operations and
                     become more efficient. The ASCM Supply Chain Dictionary defines master production schedule (MPS) as
                     follows:

                  
                  
                  
                     
                     A line on the master schedule grid that
                        reflects the anticipated build schedule for those items assigned
                        to the master scheduler. The master scheduler maintains this schedule,
                        and in turn, it becomes a set of planning numbers that drives material requirements
                        planning. It represents what the company plans to produce, expressed
                        in specific configurations, quantities, and dates. The MPS is not
                        a sales item forecast that represents a statement of demand. It
                        must take into account the forecast, the production plan, and other
                        important considerations such as backlog, availability of material,
                        availability of capacity, and management policies and goals.

                     

                  
                  
                  
                  The master production
                     schedule is the key output of master scheduling. It specifies how
                     the product will be supplied to meet the future demand. The MPS
                     takes into account

                  
                  
                  
                     
                     	
                        
                        The sales and operations plan

                        

                     
                     
                     	
                        
                        Capacity limitations

                        

                     
                     
                     	
                        
                        Production costs

                        

                     
                     
                     	
                        
                        Resource considerations.

                        

                     

                  
                  
                  The master production
                     schedule determines how many of which components are needed to build
                     each end item in the master schedule by referencing each item’s
                     bill of material (BOM). This is called “exploding the BOM.”

                  
                  
                  If the MPS describes
                     output as a number of units of an average final product, then it requires
                     a special bill of material called a planning bill. It is important
                     to remember that for a bill of material to support material requirements
                     planning it must be consistent with the way in which the product
                     is being manufactured.

                  
               
               
               
               
                  
                  Other Master Scheduling Terminology

                  
                  
                  
                  
                  Understanding
                     manufacturing planning and control terminology and the nuances of terms
                     is important to be able to successfully navigate and execute master
                     scheduling. Carefully defined terminology enables people within
                     the organization to communicate clearly. Any miscommunication creates
                     delays in the master schedule. The following are useful master scheduling
                     terms as defined in the ASCM Supply Chain Dictionary.

                  
                  
                  
                  
                     
                     Scheduling: The act of creating a schedule,
                        such as a shipping schedule, master production schedule, maintenance
                        schedule, or supplier schedule.

                     
                     Master schedule
                           item: A part number selected
                        to be planned by the master scheduler. The item is deemed critical
                        in its impact on lower-level components or resources such as skilled
                        labor, key machines, or dollars. Therefore, the master scheduler,
                        not the computer, maintains the plan for these items. A master schedule item
                        may be an end item, a component, a pseudo number, or a planning
                        bill of material.

                     
                     Multilevel
                           master schedule: A master
                        scheduling technique that allows any level in an end item’s bill
                        of material to be master scheduled. To accomplish this, master production
                        schedule items must receive requirements from independent and dependent
                        demand sources.

                     
                     Two-level
                           master schedule: A master-scheduling
                        approach in which a planning bill of material is used to master
                        schedule an end product or family, along with selected key features
                        (options and accessories).

                     
                     Overstated master production schedule: A schedule that includes
                        either past due quantities or quantities that are greater than the
                        ability to produce, given current capacity and material availability.
                        An overstated master production schedule should be made feasible
                        before material requirements planning is run.

                     
                     Product load
                           profile: A listing of
                        the required capacity and key resources needed to manufacture one
                        unit of a selected item or family. The resource requirements are further
                        defined by a lead-time offset to predict the impact of the product
                        on the load of the key resources by specific time period. The product
                        load profile can be used for rough-cut capacity planning to calculate
                        the approximate capacity requirements of the master production schedule.

                     
                     Materials management: The grouping of management
                        functions supporting the complete cycle of material flow, from the
                        purchase and internal control of production materials to the planning
                        and control of work in process to the warehousing, shipping, and
                        distribution of the finished product.

                     

                  
                  
               
               

            
            

         
         
   
      
         
         
         
         Environment
            and Product Structure Impact on Master Scheduling

         
         
         
         
            
            
            The master schedule
               requires a detailed understanding of the influence of factors such as
               the manufacturing environment, the production strategy, and the
               product structure. In terms of the product structure, all products
               require a bill of material (BOM), but assemble-to-order products
               require use of planning BOMs such as a common parts BOM, a modular
               planning BOM, or a super planning BOM.

            
            

         
         
         
         
         
            
            
            Impact of Environments and Production
               Strategies on Master Scheduling

            
            
            
            
               
               
               Master scheduling
                  is influenced by the choice of manufacturing environment. Subsets of
                  this decision relate to marketplace or customer expectations and
                  manufacturing requirements. The choice of production strategy can
                  also influence master scheduling.

               
               
               
               
                  
                  Impact of Manufacturing Environment
                     on Master Scheduling

                  
                  
                  
                  
                  In each of the manufacturing environments,
                     there is a different approach to scheduling.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Make-to-stock
                              (MTS). A number of standardized products are assembled from many
                           components.

                        
                        
                        
                        
                           
                           
                           	
                              
                              
                              The range of finished
                                 goods is smaller than the range of raw materials needed to create
                                 the finished goods.

                              
                              

                           
                           
                           
                           	
                              
                              
                              The
                                 master production schedule (MPS) supports the building of finished
                                 items to forecast.

                              
                              

                           
                           
                           
                           	
                              
                              
                              The
                                 decoupling point is at finished goods inventory.

                              
                              

                           
                           
                           
                           	
                              
                              
                              Examples
                                 of products produced in this environment include bread, steel, small appliances,
                                 office supplies, petroleum products, and consumer packaged goods

                              
                              

                           
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Assemble-to-order (ATO). Organizations
                           that use ATO are focused on customization. This approach is called
                           two-level master scheduling.

                        
                        
                        
                        
                           
                           
                           	
                              
                              
                              The
                                 range of finished goods is larger than the range of raw materials
                                 needed to create the finished goods. However, the range of raw materials
                                 is greater than the components and subassemblies (called standardized
                                 options or modules), which are produced prior to a customer order.

                              
                              

                           
                           
                           
                           	
                              
                              
                              The
                                 MPS supports the building of options from raw materials. The final assembly
                                 schedule (FAS) supports the production of end products from options after
                                 the receipt of orders.

                              
                              

                           
                           
                           
                           	
                              
                              
                              The
                                 decoupling point is at standardized options (subassemblies and components).

                              
                              

                           
                           
                           
                           	
                              
                              
                              Examples
                                 of products produced in this environment include automobiles, motorcycles,
                                 customized personal computers, and packaged pharmaceuticals.

                              
                              

                           
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Make-to-order (MTO). Organizations
                           that use the MTO scheduling approach are process-focused. These
                           products are more customized than MTS products. In this environment,
                           finished units are produced after orders have been received from customers.

                        
                        
                        
                        
                           
                           
                           	
                              
                              
                              The range of finished
                                 goods is much larger than the narrow range of raw materials needed
                                 to create the finished goods.

                              
                              

                           
                           
                           
                           	
                              
                              
                              The
                                 MPS supports the planning of raw materials and components; the FAS supports
                                 the building of the final product to match the customer order.

                              
                              

                           
                           
                           
                           	
                              
                              
                              The
                                 decoupling point is at raw materials and components. The FAS awaits receipt
                                 of a customer order.

                              
                              

                           
                           
                           
                           	
                              
                              
                              Examples
                                 of products produced in this environment include print shop outputs, scaffolding
                                 from steel, fabrics made from synthetic fibers, ships, buildings, special
                                 tools, industrial machinery, and specialty chemicals.

                              
                              

                           
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Engineer-to-order
                              (ETO). Organizations that use ETO are focused on waiting until
                           a customer order has been received before any components can be
                           ordered or prepared. The forecasting of capacity requirements, which
                           includes number of workers by type, specialty equipment needed,
                           and very long lead time components that are commonly used, is accomplished
                           through the MPS. The MPS and FAS planned items are the same. Similar
                           to MTS, the MPS is based on forecasts of customer demand. The FAS
                           is based on actual customer orders, and, as a result, it may experience
                           shortages if lead times are not confirmed prior to providing the customer
                           with a promise date.

                        
                        

                     
                     

                  
                  
                  
                  The different environments are chosen due
                     to a combination of marketplace/customer expectations and manufacturing
                     requirements. Master scheduling will be implemented differently
                     based on the selected manufacturing environment.

                  
                  
                  
                  
                     
                     
                     
                        Marketplace/Customer
                           Expectations
                        

                     
                     
                     
                     
                     Exhibit 4-9 shows
                        how marketplace or customer expectations related to product and delivery
                        requirements will differ by environment. Lead times are dependent
                        upon the product design requirements, complexity, frequency, and
                        volume. Each environment also must take into consideration the customer
                        delivery expectations related to speed or availability and delivery
                        reliability, which in turn have an impact on scheduling.

                     
                     
                     
                     
                        Exhibit 4-9: Market Customer Expectations[image: A table showing impact on master scheduling vs. market/customer expectations. It compares different types of production strategies (MTS, ATO, MTO/ETO) against various market/customer expectations. Go to long description for more details.]
                     
                        Go to long description.
                        

                     
                     
                     
                     
                     As
                        you can see, key marketplace and customer expectations affect how
                        a product is designed, made, and distributed. For example:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Low-volume ETO
                              and MTO products, such as industrial machinery, will have varying
                              lead times. Customers expect that production will not start until
                              their orders have been received. Lead times also depend on the product
                              design requirements and complexity and factors such as order frequency
                              and volume.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Customers of ATO consumer products expect
                              shorter lead times than for MTO products. Their expectation is that
                              their orders will be fulfilled from a small number of components
                              and manufactured subassemblies that are already in stock.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Everyday MTS products are expected to be
                              produced in advance and available to be picked up in stores or for
                              immediate shipment to customers.

                           
                           

                        
                        

                     
                     
                  
                  
                  
                     
                     
                     
                        Manufacturing
                           Requirements
                        

                     
                     
                     
                     
                     Manufacturers have their own requirements
                        and concerns with respect to the balancing of production and inventory
                        costs against customer service levels. The choice of the appropriate
                        production process and techniques for managing fluctuations in sales
                        volume have an influence on an organization’s approach to master
                        scheduling. Three important manufacturing requirements that influence master
                        scheduling approaches in different manufacturing environments are

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Appropriate production
                              process

                           
                           

                        
                        
                        
                        	
                           
                           
                           Methods used to manage sales volume fluctuations

                           
                           

                        
                        
                        
                        	
                           
                           
                           Choice of unit of production.

                           
                           

                        
                        

                     
                     
                     
                     Exhibit 4-10 summarizes
                        how the manufacturing requirements influence the master scheduling
                        process by type of environment.

                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              Exhibit 4-10: Manufacturing Requirements
                              
                              
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Environment

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Process
                                          Choice

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Management
                                          of Customer Order Fluctuations

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Choice
                                          of Unit Stated in MPS

                                       
                                       
                                    
                                    

                                 
                                 
                              
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       MTO/ETO

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Needs:
                                                Wide product variety and design, low unit volumes, overlapping schedules
                                                for different items in the order, broad range of production capabilities

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Choice:
                                                Intermittent job shop and low-volume batch

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Fluctuations
                                                in sales volume can be expensive to chase.

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Manage fluctuations
                                                by adjusting the backlog.

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             MPS: Common raw materials

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             FAS:
                                                End items by specific customer order

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       ATO

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Needs:
                                                Standard and special product designs, medium to high volumes, configuration
                                                of many end items from many master-scheduled standardized product
                                                options, enabling changes in product mix, short lead times

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Choice:
                                                Medium- to high-volume batch or cellular production

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Throughput, work-in-process,
                                          or finished goods inventory levels

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             MPS:
                                                Options or modules

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             FAS:
                                                End items

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       MTS

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Needs:
                                                High unit volumes with standard designs, narrow product variety,
                                                flow-based manufacturing, schedule stability

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Choice:
                                                High-volume batch or line/repetitive manufacturing

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Finished goods inventory and safety stock

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       End item

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                  
               
               
               
               
                  
                  Impact
                     of Production Strategy on Master Scheduling

                  
                  
                  
                  
                  Different
                     organizations plan and schedule production using different strategies:
                     level, chase, or hybrid. An organization that uses the level production
                     strategy continuously produces goods equal to the average demand
                     for the goods. Scheduling consistently arranges the same quantity
                     for production based on the total demand. An organization that uses
                     the chase or demand matching production strategy produces only enough
                     to meet or exactly match the demand. The chase strategy keeps inventories
                     low, which frees up cash flow that can be used to buy additional
                     materials and reduces carrying costs that are related to holding
                     inventory in stock. An organization that uses the mixed or hybrid
                     production strategy blends the best of the two other strategies
                     to create a new strategy based on lot sizing. As a result, there
                     is inventory available for future periods, called cycle stock.

                  
                  
                  
                  In summary, preparing
                     the production schedule according to strategy leads to the following:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        For leveling:
                           The MPS is constant. There is excess inventory available to meet future
                           forecasts.

                        
                        

                     
                     
                     
                     	
                        
                        
                        For chase: The MPS matches the forecast.
                           There is no inventory except safety stock.

                        
                        

                     
                     
                     
                     	
                        
                        
                        For hybrid (mixed): This is a lot-sizing
                           approach that falls between the two strategies.

                        
                        

                     
                     

                  
                  
               
               

            
            

         
         
         
         
            
            
            Impact of Product Structure on Master Scheduling

            
            
            
            
               
               
               Another key influence on the approach to master
                  scheduling is the manufacturer’s decision on how it will schedule production to
                  fulfill customer orders. Will design and production start before or after customer
                  orders are in hand? In other words, where is the decoupling point of demand from
                  supply?

               
               
               
               The answer to this question can be explained by
                  how the manufacturer envisions the structure of its products. Product structure is defined in the ASCM Supply Chain Dictionary as follows:

               
               
               
               
                  
                  The sequence of
                     operations that components follow during their manufacture into a product. A
                     typical product structure shows raw material converted into fabricated
                     components, components put together to make subassemblies, subassemblies going
                     into assemblies, and so forth.

                  

               
               
               
               It is also impacted by the priority given to the order.
                  Priority is defined by the ASCM Supply Chain Dictionary as follows:

               
               
               
               
                  
                  In a general
                     sense, the relative importance of jobs (i.e., the sequence in which jobs should
                     be worked on). It is a separate concept from capacity.

                  

               
               
               
               Product structure is not independent of
                  the expectations of the marketplace or customers or of manufacturing requirements,
                  because it takes into account tradeoffs among

               
               
               
               
                  
                  
                  	
                     
                     
                     Customer
                        service levels

                     
                     

                  
                  
                  
                  	
                     
                     
                     Production
                        efficiency

                     
                     

                  
                  
                  
                  	
                     
                     
                     Inventory
                        costs.

                     
                     

                  
                  

               
               
               
               For example, a manufacturer might want to
                  make automobiles to stock in order to achieve production efficiencies and improve
                  customer service. However, it would do so at the risk of higher inventory costs and
                  lower profits. The assemble-to-order choice, like all manufacturing environment
                  choices, also represents rational tradeoffs between customer service, production
                  efficiency, and inventory costs.

               
               
               
               
                  
                  Bills of Material in
                     Different Environments

                  
                  Related to
                     the product structure is the bill of material (BOM). A BOM is basically the
                     ingredients list for the creation of the final product. A BOM can be created as
                     a single or multilevel bill. Multilevel bills may be formatted as indented bills
                     to show parent-child relationships. BOMs are addressed in more detail when we
                     discuss MRP, but they are introduced here because different environments will
                     need different types of BOMs and this will influence what will be
                     master-scheduled.

                  
                  
                  All manufacturers
                     building products, regardless of the industry, start by creating a BOM. The
                     master production schedule states the product specifications in terms of part
                     numbers that are tracked on the BOM.

                  
                  
                  The BOM used for MTS and MTO end items or products is a
                     grouping of components structured to show parent-component relationships down to
                     the lowest level. It lists all the components and quantities needed. The list is
                     derived from the product configuration catalog. The ASCM Supply Chain Dictionary defines the
                     product configuration catalog as
                     follows:

                  
                  
                  
                     
                     A listing of all upper-level configurations contained in
                        an end-item product family. Its application is most useful when there are
                        multiple end-item configurations in the same product family. This catalog is
                        used to provide a transition linkage between the end-item level and a
                        two-level master production schedule. It also provides a correlation between
                        the various units of upper level product definition.

                     

                  
                  
                  Since MPS is
                     a build schedule, the BOM must be stated in terms that relate to a producible
                     product (not dollars or other global units of measure), which vary by
                     environment. For make- or engineer-to-order, this would be common raw materials,
                     and the final assembly schedule (FAS) would be end items by specific customer
                     order. For assemble-to-order, it would be options or modules, and the FAS would
                     be by end items. For make-to-stock, it would be end items.

                  
                  
                  If
                     the MPS describes output as the number of units of an average final product,
                     then it requires a planning bill of material. The ASCM Supply Chain Dictionary defines a planning bill of material as follows:

                  
                  
                  
                     
                     An artificial grouping of
                        items or events in bill-of-material format used to facilitate master
                        scheduling and material planning. It may include the historical average of
                        demand expressed as a percentage of total demand for all options within a
                        feature or for a specific end item within a product family. Used as the
                        quantity per in the planning bill of material.

                     

                  
                  
                  Planning bills are not complete end-item
                     BOMs. Rather, the purpose of planning bills is to simplify planning. Since
                     planning bills are not specific lists for specific products, they are used when
                     it cannot be known what will need to be assembled-to-order (or made-to-order
                     such as for large capital equipment with options) until the available lead time
                     would be too short to make or order all the components and also assemble the
                     product. The planning bill will then serve as a bridge between the master
                     production schedule and the actual bills for specific modules, components, and
                     raw materials.

                  
                  
                  It is neither
                     feasible nor efficient to forecast or master-schedule assemble-to-order (ATO)
                     products at the end-item level. Too many end items would have to be configured
                     from a relatively small number of modules. ATO is similar to make-to-order (MTO)
                     in that final assembly follows receipt of a customer order; the difference is
                     that ATO assembles final products from preassembled modules, components, and/or
                     packaging that already are in stock to meet relatively short customer lead-time
                     expectations. Examples of organizations that use ATO are automobile
                     manufacturers, lawn mower manufacturers, computer manufacturers, and even
                     sandwich shops.

                  
                  
                  Planning bills
                     facilitate the planning of subassemblies and capacity that need to be available
                     when a customer order for the end item is received. These BOMs show you how all
                     the components fit together to make an end item, with a few exceptions, such as
                     phantom BOMs for certain components. (Phantom BOMs are addressed
                     elsewhere.)

                  
                  
                  The planning BOM is
                     constructed at the feature level as opposed to the end-item level like a single-
                     or multi-level BOM. The ASCM Supply Chain
                        Dictionary defines a feature as
                     follows:

                  
                  
                  
                     
                     A distinctive characteristic of a good or service. The
                        characteristic is provided by an option, accessory, or attachment. For
                        example, in ordering a new car, the customer must specify an engine type and
                        size (option), but need not necessarily select an air conditioner
                        (attachment).

                     

                  
                  
                  Each leg
                     of the planning BOM represents a feature that is required in order to assemble
                     the final product. Exhibit 4-11 shows a planning bill for our door manufacturer’s
                     make-to-order product family B.

                  
                  
                  
                     Exhibit 4-11: Planning Bill of Material for Product Family B[image: A flowchart titled "Family B, Custom All-Glass Vandalproof Doors" breaks down the components and configurations of the doors. At the top level, it branches into four categories: Common parts, Frame, Door finish, and Exit handle. The "Common parts" branch shows 100%. The "Frame" branch is divided into Single silver (45%), Single bronze (20%), Double silver (25%), and Double bronze (10%). The "Door finish" branch is split into Silver (70%) and Bronze (30%). The "Exit handle" branch divides into Crashbar silver (40%), Crashbar bronze (20%), Handle silver (30%), and Handle bronze (10%).]
                  
                  
                  
                  The first column is for common
                     parts, or parts that all products in the family share in common, such as two
                     panes of vandalproof glass that might be cut to a custom size. The rest of the
                     planning bill shows historical demand percentages for the various options. If
                     each of these options were combined into individual products, it would be 2
                     frames times 2 finishes times 4 handles equals 32 bills. This would needlessly
                     complicate forecasting, master scheduling, and material requirements planning
                     because it increases planning cost without increasing planning accuracy. Instead
                     the total demand is forecasted and planned in the master production schedule,
                     and then material requirements planning uses these planning bill percentages for
                     ordering and/or manufacturing the various components.

                  
                  
                  So, how are the percentages determined? The
                     aggregated demand for a particular option can be provided in the form of a
                     production forecast. The ASCM Supply Chain
                        Dictionary defines production
                        forecast as follows:

                  
                  
                  
                     
                     A projected level of customer
                        demand for a feature (option, accessory, etc.) of a make-to-order or an
                        assemble-to-order product. Used in two-level master scheduling, it is
                        calculated by netting customer backlog against an overall family or product
                        line master production schedule and then factoring this product’s
                        available-to-promise by the option percentage in a planning bill of
                        material.

                     

                  
                  
                  
                  Note that, in some cases, the percentages in
                     planning bills will sum to more than 100. This is a type of overplanning or
                     hedge to allow final product mixes to differ to some degree. Since overplanning
                     serves the same basic purpose as safety stock, the extra amount planned can be
                     based on the expected volatility of demand. Option
                        overplanning is defined by the ASCM
                        Supply Chain Dictionary as follows:

                  
                  
                  
                     
                     Typically, scheduling extra
                        quantities of a master schedule option greater than the expected sales for
                        that option to protect against unanticipated demand. This schedule quantity
                        may be planned only in the period where new customer orders are currently
                        being accepted, typically just after the demand time fence. This technique
                        is usually used on the second level of a two-level master scheduling
                        approach to create a situation in which more of the individual options than
                        of the overall family are available. The historical average of demand for an
                        item is quantified in a planning bill of material, and option overplanning
                        is accomplished by increasing this percentage to allow for demands greater
                        than forecast.

                     

                  
                  
                  Note also
                     that many organizations pursue both ATO and make-to-stock (MTS) for a given
                     product family. For very popular and steady demand items in a product family,
                     they use normal BOMs for such items and preassemble the modules. Then they can
                     reserve the ATO process and planning bills for just the remaining configurations
                     that have more volatile demand. This reduces the number of items that need to be
                     planned using planning bills and enables faster lead times for the MTS
                     items.

                  
                  
                  Types of planning bills of
                     material include common parts BOMs, modular planning BOMs, and super planning
                     BOMs.

                  
                  
                  
                     
                     Common Parts
                           BOMs

                     
                     
                     One of the building blocks for modular and super BOMs
                        is the common parts BOM. According to the ASCM
                           Supply Chain Dictionary, the common parts bill of material is “a type of
                        planning bill that groups common components for a product or family of
                        products into one bill of material, structured to a pseudoparent item
                        number.”

                     
                     
                     Exhibit 4-12 shows a common parts bill of material.

                     
                     
                     
                        Exhibit 4-12: Common Parts Bill of Material[image: A table displays the common parts bill of materials for a 36" model A gas range, with variations for different gas pilot kits (CP-202 deluxe, CP-201 regular, CP-203 heavy-duty, and CP-200 maximum quantity). It lists the quantity needed for each item (back panel, left panel, right panel, etc.) across the different configurations. Go to long description for more details.]
                     Go to long description.

                     
                     
                     
                     All or some modules of an
                        assemble-to-order end item might use a common, identical component or set of
                        components. It could be an oven door in three different oven models. When
                        creating a common parts BOM, the master scheduler begins by
                        identifying

                     
                     
                     
                        
                        	
                           
                           Part
                              numbers used in all models in the same quantity

                           

                        
                        
                        	
                           
                           Part
                              numbers used in all models but in different quantities

                           

                        
                        
                        	
                           
                           Part
                              numbers used in some but not all models.

                           

                        

                     
                  
                  
                     
                     Modular
                           BOMs

                     
                     
                     ATO environments often
                        use a modular BOM because the various options or features are grouped into
                        modules that can be assembled in different configurations. The ASCM Supply Chain Dictionary defines a
                        modular bill of material as
                        follows:

                     
                     
                     
                        
                        A type of planning bill that is arranged in product
                           modules or options. It is often used in companies where the product has
                           many optional features (e.g., assemble-to-order companies such as
                           automobile manufacturers).

                        

                     
                     
                     Exhibit 4-13 shows a modular planning bill, structured in product
                        modules or options. This is a very simplified modular bill that consists of
                        five modules and one common parts bill. Each module is offered in multiple
                        options.

                     
                     
                     
                        Exhibit 4-13: Modular Planning Bill[image: This image is a diagram depicting the modular bills for an automobile at level 0 and level 1. At level 0, there is an "Automobile" block connected to level 1 modules. These modules are labeled: Common parts (1 option), Chassis (3 options), Steering column (7 options), Engine (5 options), Drive train (3 options), and Transmission (4 options). Each module block shows horizontal lines beneath it, representing the number of options available for each module.]
                     
                     
                     
                     Key concepts that are
                        important to know about modular bills include the following:

                     
                     
                     
                        
                        	
                           
                           Modules and the common parts bill are standard units that may be
                              prepared in advance of receiving a customer order; modules can be
                              manufactured or purchased subassemblies or individual
                              components.

                           

                        
                        
                        	
                           
                           The
                              total number of modules is based on an end-item forecast.

                           

                        
                        
                        	
                           
                           Modules and the common parts BOM are defined at level 1 of the
                              BOM.

                           

                        
                        
                        	
                           
                           The
                              options for each module can be selected by the customer.

                           

                        
                        
                        	
                           
                           Each
                              option is defined as a single-level or multilevel BOM (not
                              shown).

                           

                        
                        
                        	
                           
                           The
                              BOM for each option links the option’s components to the option’s
                              parent.

                           

                        
                        
                        	
                           
                           Unlike
                              a multilevel bill, a modular BOM does not show the ultimate use of
                              the module in an end item.

                           

                        
                        
                        	
                           
                           Modular bills simplify the forecasting and master scheduling of ATO
                              products.

                           

                        

                     
                  
                  
                     
                     Super
                           BOMs

                     
                     
                     The super planning
                        BOM provides more detail than the modular BOM. A super bill of material is defined by the ASCM Supply Chain Dictionary as
                        follows:

                     
                     
                     
                        
                        A type of planning bill, located at the top level in
                           the structure, that ties together various modular bills (and possibly a
                           common parts bill) to define an entire product or product family. The
                           quantity per relationship of the super bill to its modules represents
                           the forecasted percentage of demand of each module. The master-scheduled
                           quantities of the super bill explode to create requirements for the
                           modules that also are master scheduled.

                        

                     
                     
                     The super BOM shown in Exhibit 4-14 is the most commonly used planning BOM. It still
                        does not show how the single-level bills for the options and common parts
                        are configured to build the end item. Its usefulness is derived from the
                        information it provides on the percentages of orders for each option. The
                        percentages are essentially projections of customer orders at level 1 of the
                        BOM, based on historical usage data.

                     
                     
                     
                        Exhibit 4-14: Super Bill of Material[image: A diagram titled "Abbreviated bill" shows the hierarchical structure of an automobile’s bill of materials, divided into six modules with associated options and percentages. Go to long description for more details.]
                     Go to long description.

                     
                     
                  
               
               

            
            

         
         
   
      
         
         
         
         Creating
            the MPS

         
         
         
         
            
            
            Here we address
               the roles of the master scheduler and management in the master scheduling
               process. After that we get into the details of how to create a time-phased master
               scheduling grid. Then we address the first step in the master scheduling process,
               disaggregating the production plan into master schedules per end
               item.

            
            

         
         
         
         
         
            
            
            Creators of the Master Schedule

            
            
            
            
               
               
               Many would say that
                  master scheduling is more art than science. Although the master schedule
                  itself may be made up of automatically calculated data upon which management
                  decisions are made every day, the job of master scheduler goes well beyond
                  just creating the master production schedule (MPS) numbers. For
                  instance, the numbers may indicate that the organization is in an
                  overloaded condition. Now what? How does the master scheduler get
                  out of this overloaded condition? Or the numbers may indicate that
                  customer orders are not coming in as forecasted. What does the master
                  scheduler do about it? These are some of the questions that need
                  to be answered by the master scheduler. Correctly handling situations
                  like this is the real job master schedulers face every day. They
                  make business-critical decisions using the information provided.

               
               
               
               Next we review
                  the master scheduler’s role and how management can support the master
                  scheduler throughout the master scheduling process.

               
               
               
               
                  
                  Master
                     Scheduler’s Role

                  
                  The
                     role of the master scheduler is constrained by the production plan
                     produced in sales and operations planning (S&OP). The master
                     scheduler ensures that the sum of the individual items in the master
                     schedule equals the aggregate sum of items in the production plan.
                     This closes the loop between the business plan and the daily and weekly
                     activities within the organization. Note that due to lot sizing
                     constraints or other issues, such as the need to replenish safety
                     stocks or to draw down excess inventories, it may be very difficult
                     or impossible to exactly match the sum of individual items to the
                     aggregate sum in the production plan. Therefore, many organizations
                     include a degree of tolerance for what is considered a reasonable
                     match between the levels.

                  
                  
                  
                  The master scheduler is responsible for
                     the following:

                  
                  
                  
                     
                     	
                        
                        Disaggregating the production plan to create
                           the MPS or reconciling the MPS with the product family plan

                        

                     
                     
                     	
                        
                        Maintaining and making changes to the MPS
                           records

                        

                     
                     
                     	
                        
                        Resolving tradeoffs, working with top management
                           to reach solutions that are consistent with the organization’s customer
                           service and strategic objectives

                        

                     
                     
                     	
                        
                        Monitoring execution of the production
                           schedule against the MPS and the production plan

                        

                     
                     
                     	
                        
                        Reconciling the MPS to the aggregate production
                           plan and ensuring that a process is in place for this task, resulting
                           in

                        
                        
                        
                           
                           	
                              
                              Reduction in the
                                 quantity of the MPS to match the production plan

                              

                           
                           
                           	
                              
                              Authorization from top management to raise/increase
                                 the production plan

                              

                           
                           
                           	
                              
                              A combination of these

                              

                           

                        

                     
                     
                     	
                        
                        Launching the final assembly schedule

                        

                     
                     
                     	
                        
                        Reviewing and managing change requests
                           from customers, plants, and suppliers and rescheduling in accordance
                           with the master schedule policy

                        

                     

                  
                  
                  Much of a master scheduler’s time and value
                     is invested in resolving conflicts and competing demands for capacity,
                     which requires knowing when to get top management involved in making
                     strategic decisions. Therefore, it is important for the master scheduler
                     to have a strong sense of the overall business and its customers, knowledge
                     of its products and production processes, and an understanding of
                     the reliability of its suppliers.

                  
                  
                  The master scheduler works with top management
                     to reduce the impact of any changes to either supply or demand inside
                     the demand time fence, such as

                  
                  
                  
                     
                     	
                        
                        Expedited requests for customers

                        

                     
                     
                     	
                        
                        New orders from customers

                        

                     
                     
                     	
                        
                        Last-minute revisions to an order

                        

                     
                     
                     	
                        
                        Serious supply disruptions requiring top
                           management involvement in handling both suppliers and key customers.

                        

                     

                  
               
               
               
               
                  
                  Management’s
                     Role

                  
                  
                  
                  
                  Management’s role is critical
                     throughout manufacturing planning and control; their involvement
                     does not begin with MPS. Elsewhere we discussed the role of management
                     in the monthly S&OP process. The rules of the process call for
                     resolving most issues at the pre-S&OP meeting and consolidating
                     issues such as the following for review by senior executives at
                     the monthly executive meeting that concludes the monthly S&OP
                     process:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Authorization
                           of changes in production and procurement rates when significant costs
                           or other consequences, such as customer service or revenues, are
                           involved

                        
                        

                     
                     
                     
                     	
                        
                        
                        Adjustments that are needed to the sales
                           and operations plan to keep the production plan and the financial
                           goals of the business plan on target

                        
                        

                     
                     
                     
                     	
                        
                        
                        Issues relating to customer service performance,
                           new product introduction, and special projects

                        
                        

                     
                     

                  
                  
                  
                  Management is
                     engaged by the master scheduler when there are unexpected and conflicting
                     demands such as capacity or customer prioritization. There are a
                     few other issues related to master scheduling that can be avoided
                     or resolved through robust senior executive involvement and commitment.
                     Senior executives should be responsible for the following actions:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Ensuring that
                           customers are treated fairly when it comes to allocations because
                           of production shortages

                        
                        

                     
                     
                     
                     	
                        
                        
                        Ensuring collaboration between sales and
                           operations on abnormal demand, especially as it relates to tradeoffs
                           among customer service (for existing customers), windfall revenue
                           opportunities, and new long-term business relationships

                        
                        

                     
                     
                     
                     	
                        
                        
                        Ensuring that the forecasting process is
                           taken seriously (Forecasts that are overstated or understated, not
                           challenged, and compiled rather than integrated can have serious
                           consequences.)

                        
                        

                     
                     

                  
                  
                  
                  Management’s role in MPS is to support
                     the master scheduler so the process is not led by the “who shouts
                     loudest gets their way” syndrome, which allows the scheduler to deliver
                     a MPS that not only targets the needs of the customer but also the
                     broader capabilities of the organization

                  
                  
               
               

            
            

         
         
         
         
            
            
            Creating the Master Schedule

            
            
            
            
               
               
               The master schedule
                  shows when products will be available and serves as the basis for
                  promising orders to customers. Here we address how to create a time-phased master
                  scheduling grid (determining supply and demand relationships over
                  time), including how to calculate the projected available balance
                  and available-to-promise.

               
               
               
               
                  
                  Time-Phased
                     Master Scheduling Grid

                  
                  
                  
                  
                  The master scheduling
                     process begins with the creation of the master scheduling grid, or
                     time-phased master scheduling grid. The master schedule format is
                     a time-phased grid format that looks similar to a spreadsheet. As
                     time progresses, the master production schedule is regularly recalculated
                     and revised to align with any modifications. Exhibit 4-15 displays
                     a master scheduling grid that was created using an eight-week rolling
                     planning horizon. The master production schedule requires a rolling
                     schedule that continually updates. As a result, it reflects both
                     current conditions and actual customer orders during each period.

                  
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 4-15: Sample Master Scheduling Grid
                           
                           
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Item: Chair

                                    
                                    
                                    
                                    Lot Size: 80 Safety
                                       Stock: 0

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	 
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       OCT
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       NOV
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       0
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       1
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       2
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       3
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       4
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       5
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       6
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       7
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       8
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Forecast
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    20

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    20

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    20

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    20

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    40

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    40

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    40

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    40

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Customer orders
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    23

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    15

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    8

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    4

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    0

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    0

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    0

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    0

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Projected available balance
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    45

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    22

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    2

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    62

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    42

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    2

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    42

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    2

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    42

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       MPS quantity
                                       

                                    
                                    
                                 
                                 
                                 
                                 	 
                                 
                                 
                                 
                                 	
                                    
                                    
                                    0

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    0

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    80

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    0

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    0

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    80

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    0

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    80

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Available-to-promise
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    7

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    —

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    68

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    —

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    —

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    80

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    —

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    80

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
                  
                  Below
                     is an overview of each item contained in this MPS grid.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Item. What is being produced.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Quantity
                              on hand. The number of the item that the organization has currently available
                           less any allocations.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Lot size. The
                           rules that are in place for the volume/size of a production run.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Forecast. The
                           input of the sales forecast from the S&OP production plan.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Customer
                              orders. The real customer orders from sales.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Projected
                              available balance (PAB). The forecasted inventory on hand. For
                           the first week, this is the initial inventory (quantity on hand),
                           plus MPS quantities (zero in this case) and minus the actual customer
                           orders because it is inside the demand time fence. For periods beyond
                           the demand time fence, it is the projected inventory on hand from
                           the prior week plus MPS quantities for the current week, minus the
                           greater of the forecast or customer orders.

                        
                        

                     
                     
                     
                     	
                        
                        
                        MPS quantity. The
                           output of actual production, not when production begins. If the organization
                           has positive inventory above the safety stock level, the MPS production
                           quantity is zero. The MPS quantity is based on the order policy.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Available-to-promise
                              (ATP). A technique that enables sales and customer service to
                           determine whether a customer order can be fulfilled as requested.

                        
                        

                     
                     

                  
                  
                  
                  Note that, in
                     this example, the demand data, including forecast and orders received
                     to date, have been entered into the grid for an end item (a chair,
                     in the example) that is to be produced in a lot size of 80 units.
                     There is no safety stock requirement, and the current on-hand inventory
                     is 45 units.

                  
                  
                  
                  Note
                     also the double line between the first and second week of October.
                     This represents a demand time fence, which is addressed elsewhere.
                     For the purposes of the discussion that follows, calculations made
                     inside this zone (for week 1) consider only actual customer orders.
                     (The forecast is no longer considered.) Actual customer orders are
                     used to plan inside the demand time fence because production so
                     near at hand needs to be based on orders, not projections. The forecast
                     (or customer orders, if greater) is used in the later periods because
                     more orders will likely still be placed. Use of actual customer
                     orders if greater addresses situations such as a large customer order
                     coming in with advance notice.

                  
                  
                  
                  The inputs into the master schedule are
                     the forecast and the actual customer orders. The outputs from the
                     master schedule include the MPS quantity, which is the anticipated
                     build schedule for end items in the appropriate lot-size quantities,
                     and the ATP or similar information.

                  
                  
               
               
               
               
                  
                  PAB
                     and MPS Calculations

                  
                  
                  
                  
                  Assume that the door manufacturer
                     uses a make-to-stock chase production strategy for a set of items
                     and produces these items in lots of 100, an amount that can be produced
                     in an average week. (Assume a uniform week length for simplicity.)
                     The beginning inventory is 70 units, which is shown in Exhibit 4-16 in
                     week 0 in the “Projected Available Balance” line. Since this is
                     a chase schedule, production does not need to be uniform in each
                     week. Organizations might achieve more-level production by scheduling
                     production for other items in the weeks when these items are not
                     being produced.

                  
                  
                  
                  
                     Exhibit 4-16: Partially Completed Master Schedule[image: A table labeled “Partially Completed Master Schedule.” Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  The ASCM Supply Chain Dictionary defines projected available balance (PAB) as follows:

                  
                  
                  
                  
                     
                     An
                        inventory balance projected into the future. It is the running sum
                        of on-hand inventory minus requirements plus scheduled receipts
                        and planned orders.

                     

                  
                  
                  
                  Use the following calculation to determine
                     the PAB for each week, but note that we will be presenting another
                     version of this calculation elsewhere for calculating PAB when time
                     fences are used. (The beginning PAB in the first week is the beginning
                     or opening inventory, as shown in the calculation.)

                  
                  
                  
                  
                     
[image: ../images/4-a-t03_2_-_creating_the_master_schedule_01_id209DM0T055Z_mathml_118_width_1567.png]

                     

                  
                  
                  
                  
                     
[image: ../images/4-a-t03_2_-_creating_the_master_schedule_02_id209DM0T05Y4_mathml_119_width_1084.png]
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                  If inventory can
                     be used to cover the entire planning horizon, then no production
                     will be scheduled for this item. At any point where the PAB would
                     be negative, such as for week 2 above, the master production schedule
                     line is used to schedule supply. The formula calls the MPS line
                     a scheduled MPS receipt because production may need to be started
                     earlier; this is the due date when it should be ready. (The material requirements
                     planning system will determine when various parts of the order need
                     to be released.) Exhibit 4-17 shows
                     how this master schedule would be completed.

                  
                  
                  
                  
                     Exhibit 4-17: Completed Master Schedule[image: A table labeled “Completed Master Schedule.” Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Note
                     that there are no negative PABs in the completed schedule. The PAB
                     for week 2 is now calculated to include the MPS of 100 units:

                  
                  
                  
                  
                     
[image: ../images/4-a-t03_2_-_creating_the_master_schedule_04_id2289EM00RPF_mathml_121_width_856.png]

                     

                  
                  
                  
                  In week 3, the PAB
                     is

                  
                  
                  
                  
                     
[image: ../images/4-a-t03_2_-_creating_the_master_schedule_05_id2289F000TPN_mathml_122_width_856.png]

                     

                  
                  
                  
                  (A scheduled MPS receipt
                     is again needed to keep the PAB from being negative.)

                  
                  
                  
                  Week 4, however, can
                     be fulfilled using existing inventory, so it doesn’t need any MPS production,
                     even though it reduces the inventory to zero. When organizations
                     use safety stock, the MPS would instead be triggered whenever the
                     PAB would go below the safety stock level.

                  
                  
                  
                  At this point, the master schedule is still
                     considered preliminary, as it has yet to be checked against capacity.
                     Prior to this capacity check, the master schedules for related end
                     items need to be aggregated.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Disaggregating the Production Plan

            
            
            
            
               
               
                Exhibit 4-18 is
                  the annual production plan for product family A for our commercial door
                  manufacturer case study.

               
               
               
               
                  Exhibit 4-18: Product Family A Make-to-Stock Level Production Plan[image: A table labeled “Product Family A Make-to-Stock Level Production Plan.” Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               Let’s gather the
                  item-level forecast input (a weekly forecast for 13 weeks, i.e.,
                  the first quarter), which is the planning horizon required for this
                  product family. Exhibit 4-19 shows
                  this forecast for single and double doors.

               
               
               
               
                  Exhibit 4-19: Product Family A 13-Week Forecast by End Item[image: A table labeled “Product Family A 13-Week Forecast by End Item.” Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               Note that the sum
                  of the forecasts for product family A for the first three months
                  in Exhibit 4-18 is
                  1,320 units (460 plus 450 plus 410), which directly compares to
                  this 13-week forecast of 1,320 units (sum in bottom right corner
                  of Exhibit 4-19)
                  because there are exactly 13 weeks in the first three months of
                  the year. Some monthly sums are also calculated, but since the months
                  break across the weeks, these are not as precise.

               
               
               
               The
                  definition of master scheduling states that “the sum of the master
                  production schedules for the items within the product family must
                  equal the production plan for that family.” This means that the
                  production plan for the product family imposes a constraint on the
                  production for units of that family in that time period. While there
                  is leeway for planning individual units, the totals must be made
                  to match the production plan numbers.

               
               
               
               Exhibit 4-20 shows
                  one possible way that master schedules can be devised to be consistent
                  with the production plan. Note that this is not the format one would
                  expect to see in a master schedule, as it is actually two master
                  schedules put together to show how they sum up. (The projected available
                  is the projected inventory balance by period, assuming that the
                  assumptions in the plan hold true.)

               
               
               
               
                  Exhibit 4-20: Master Schedules for Two Items in Family A[image: A table titled "Master Schedules for Two Items in Family A." The table details the planned production, forecast, and available inventory for both single and double in-stock commercial doors over a 13-week period. The totals for each category are also provided at the end of the table. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               To translate the
                  level production of 300 units per month to weekly leveled production, we
                  need to know the number of workdays per week after holidays or plant shutdowns,
                  so the number of days in each week of the first part of the year
                  is listed at the top of the exhibit. The number of days is then
                  multiplied by the leveled daily production rate of about 14.34 units
                  per day (3,600 unit production plan divided by 251 manufacturing
                  calendar days) for this product family to determine the weekly leveled
                  production on the next line.

               
               
               
               The master production schedule (MPS) lines for
                  each product show that production is in batches of 100. (Each batch
                  spans several weeks and is divided into smaller weekly lots as needed.)
                  Here, the weekly lots that sum to 100 units are shaded together
                  for ease of viewing. Changeovers are minimized by switching between
                  products as little as possible.

               
               
               
               Note how the “Production
                  SUM” equals the “Weekly Leveled Production” each week (two weeks
                  have one unit less to compensate for rounding, since the weekly
                  rates are actually 57.4 and 71.7 units per week) and the total of
                  889 units matches the leveled production target of 889 units. The
                  “ISS Projected Available” and “ISD Projected Available” lines show
                  projected inventory levels at the end of each week for each product,
                  and none go below zero. Also the “Projected Available SUM” of 89
                  units in week 13 is close to the ending inventory of 100 units for
                  month 3 shown earlier in Exhibit 4-18.
                  (The difference is due to fewer workdays in the quarter than the
                  average.)

               
               
               
               A workable preliminary
                  master schedule satisfies the following conditions:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Valid schedule.
                           
                        Workers
                           should know when to begin and end production of individual units.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Valid capacity.
                           
                        Production
                           per period and in total should stay within any production limits set in
                           the production plan.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Valid inventory or backlog.
                           
                        There should
                           be no negative inventory balances or strong imbalances among individual
                           products. Backlogs per period should be managed within tolerances.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Valid changeovers.
                           
                        The number of
                           changeovers should be cost-effective.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Valid batches and lots.
                           
                        Production
                           batch and lot size policies (if any) should be honored.
                        

                     
                     

                  
                  

               
               
               
               The ASCM Supply Chain Dictionary defines
                  these last two items as follows:

               
               
               
               
                  
                  Batch: 1)
                     A quantity scheduled to be produced or in production. 2) For discrete products,
                     the batch is planned to be the standard batch quantity, but during production,
                     the standard batch quantity may be broken into smaller lots. 3)
                     In nondiscrete products, the batch is a quantity that is planned
                     to be produced in a given time period based on a formula or recipe
                     that often is developed to produce a given number of end items.
                     4) A type of manufacturing process used to produce items with similar
                     designs. It also may cover a wide range of order volumes. Typically,
                     items ordered are of a repeat nature, and production may be for
                     a specific customer order or for stock replenishment.

                  
                  Lot: A
                     quantity produced together and sharing the same production costs
                     and specifications.

                  

               
               

            
            

         
         
   
      
         
         
         
         Rough-Cut Capacity Planning and MPS
            Validation

         
         
         
         
            
            
            Here we address the final steps in the master scheduling process,
               starting with combining schedules for products that share the same resources over
               a
               given time horizon. This helps ensure that sufficient capacity exists for all
               planned products prior to performing rough-cut capacity planning (RCCP).

            
            
            
            We then look at RCCP, including how it fits
               into the manufacturing planning and control hierarchy, its various purposes, and its
               different approaches: capacity planning using overall factors (CPOF), bill of labor,
               and resource profile. We also discuss resolving capacity imbalances, how to identify
               and manage critical work centers, and how to develop work center efficiency and
               utilization goals. The master scheduling process concludes with resolving
               differences and publishing the master production schedule. Finally we discuss the
               importance of incorporating work center maintenance schedules into capacity
               planning.

            
            

         
         
         
         
         
            
            
            Aggregating Master Schedules to Prepare for RCCP

            
            
            
            
               
               
               
                  
                  Aggregating Master Schedules for
                     Related Items

                  
                  
                  
                  Whenever multiple products use the same resources
                     over the same time horizon, their master schedules need to be aggregated, or
                     grouped back together, prior to checking to see if there is sufficient capacity.
                     Typically this will be aggregation of individual units back into their product
                     families or aggregating families with similar critical resources. The idea is to
                     determine the total load on the critical resources.

                  
                  
                  
                     
                     
                     Aggregating Products or Product Families that Share Critical
                           Resources

                     
                     
                     
                     Exhibit 4-21 revisits the
                        commercial door manufacturer case study. Assume that the manufacturer has
                        three product families that all use the same critical resources. The exhibit
                        aggregates just the master production schedule (MPS) lines of these master
                        schedules. It also sums the lines to determine total load on these
                        resources.

                     
                     
                     
                     
                        Exhibit 4-21: Aggregated MPS Lines for Related End Items[image: A table labeled “Aggregated MPS Lines for Related End Items.” Go to long description for more details.]
                     Go to long description.

                     
                     
                     
                     
                     This organization uses make-to-order
                        for families B and C but controls the backlog of these items to result in a
                        fairly level schedule.

                     
                     
                  
                  
                  
                     
                     Aggregating Alternative
                           Independent Demand Sources

                     
                     
                     Independent demand for a
                        master-scheduled item could come from intracompany requirements, spare
                        parts, field service requirements, quality testing, R&D, rework,
                        distribution requirements, and so on. The details of these demand sources
                        also need to be addressed at the master scheduling level. In fact, it may be
                        even more important at this level because the details on demand for specific
                        end units are now available.

                     
                     
                     For
                        example, in addition to customer orders and the forecast, some end items
                        that are typically used only as dependent demand items also have independent
                        demand sources, such as a computer chip that is primarily a component in a
                        motherboard made by a different division but is also sold independently. In
                        another example, the same item could be produced in two different plants. If
                        the other plant has insufficient capacity for some of its independent
                        demand, it could forward some of the demand to this plant. This is
                        intracompany demand.

                     
                     
                     The master
                        scheduler ensures that all alternative independent demand sources are
                        included in the master scheduling grid and verifies that the lead times in
                        the system will work for the higher-level item. The master scheduling grid
                        could have another line item for this type of demand, or it could be
                        aggregated into the customer orders line or require a manual entry if it is
                        a source of demand that is not typically encountered.

                     
                     
                     The timing requirements of independent demand items
                        can be determined through pegging, which the ASCM Supply Chain Dictionary defines as follows.

                     
                     
                     
                        
                        In material requirements planning
                           and master production scheduling, the ability to identify for a given
                           item the sources of its gross requirements and/or allocations. Pegging
                           can be thought of as active where-used information.

                        

                     
                     
                     Pegging is primarily a material
                        requirements planning (MRP) process and is addressed in detail
                        elsewhere.

                     
                     
                     The RCCP process is performed once the total load on
                        critical resources is known. RCCP is addressed next.

                     
                  
               
               

            
            

         
         
         
         
            
            
            RCCP Road Map

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary defines rough-cut capacity planning (RCCP) as follows:

               
               
               
               
                  
                  The process of converting the master
                     production schedule into requirements for key resources, often including labor;
                     machinery; warehouse space; suppliers’ capabilities; and, in some cases, money.
                     Comparison to available or demonstrated capacity is usually done for each key
                     resource. This comparison assists the master scheduler in establishing a
                     feasible master production schedule. Three approaches to performing RCCP are the
                     bill of labor (resources, capacity) approach, the capacity planning using
                     overall factors approach, and the resource profile approach.

                  

               
               
               
               Planning and control of capacities is one
                  of the key manufacturing planning and control (MPC) activities. There are five
                  levels of capacity planning within MPC: resource planning, rough-cut capacity
                  planning, capacity requirements planning (CRP), scheduling (e.g., finite
                  scheduling), and capacity control (e.g., input/output control). Exhibit 4-22
                  shows how RCCP is the level of capacity planning used for master scheduling. Note
                  how this is a back-and-forth process that iterates as needed until the master
                  production schedule (MPS) appears to be feasible from a capacity standpoint.

               
               
               
               
                  Exhibit 4-22: Manufacturing Planning and Control[image: This diagram represents the integration of demand-side activities, strategic and business planning, priority planning, supply-side activities, and production activity control in a manufacturing environment. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               No matter the level, insufficient capacity in
                  the form of an overstated master production schedule can lead to declining delivery
                  performance, missed due dates, increasing inventories, and exhausted employees.
                  Excess capacity, on the other hand, can lead to unnecessary expenses that need to
                  be
                  reduced.

               
               
               
               
                  
                  Purposes of RCCP

                  
                  
                  
                  Rough-cut capacity planning checks whether
                     critical resources are available to support the preliminary master production
                     schedules. While the capacity check in resource planning was at the product
                     family level, using an average product of that family to validate resource
                     availability for the production plan and manufacturing business plan, now in
                     RCCP we need to drill down to the individual product capacity requirements by
                     validating critical resource availability for the master production schedule.
                     Despite the fact that we are using individual unit requirements rather than an
                     average unit of a product family, this is considered a rough check, because the
                     individual items might still have some variants, and so this will be
                     requirements for the average unit of that end item.

                  
                  
                  
                  Critical resources validated in RCCP
                     can include bottleneck operations, labor, and critical materials. One reason why
                     the RCCP process looks at only critical resources at this point is that there
                     are other factors that will impact capacity usage, so a more-detailed look at
                     capacity might be a poor use of planning time. Therefore, while there are other
                     factors that might affect capacity, factors such as available inventory,
                     partially complete work orders, and lead times are not considered at this
                     point.

                  
                  
                  
                  The RCCP process is time-phased just
                     like master scheduling. RCCP takes into account the master schedule and the bill
                     of resources for each product family.

                  
                  
                  
                  The master scheduler will validate
                     that the MPS is able to

                  
                  
                  
                  
                     
                     	
                        
                        
                        Be completed on time

                        
                        

                     
                     
                     	
                        
                        
                        Be done within the budget

                        
                        

                     
                     
                     	
                        
                        
                        Function successfully within
                           the expected parameters.

                        
                        

                     

                  
                  
                  
                  
                  There are many reasons the MPS might
                     not be in balance with capacity. RCCP provides an iterative capacity planning
                     tool to solve load and capacity imbalances.

                  
                  
                  
                  The purposes of RCCP planning
                     include

                  
                  
                  
                  
                     
                     	
                        
                        
                        Converting the schedule for
                           MPS end items into a schedule (usually weekly) of requirements for key
                           resources

                        
                        

                     
                     
                     	
                        
                        
                        Comparing load requirements
                           for key resources to available capacity

                        
                        

                     
                     
                     	
                        
                        
                        Providing early warning of
                           bottleneck work centers

                        
                        

                     
                     
                     	
                        
                        
                        Resolving differences to
                           create a workable MPS

                        
                        

                     
                     
                     	
                        
                        
                        Ensuring that work centers are
                           properly utilized and are efficient.

                        
                        

                     

                  
                  
               
               
               
               
                  
                  RCCP Process

                  
                  
                  
                  The RCCP process can be organized in
                     five steps, as detailed in Exhibit 4-23. The first four
                     steps of the process are primarily based on data collection and analysis; the
                     fifth step requires the management, operations, and customer management skills
                     of the master scheduler, manufacturing, and sales.

                  
                  
                  
                  
                     
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 4-23: Rough-Cut Capacity Planning Process
                           
                           
                              
                              
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Step

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Question
                                       Asked

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Key Points

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    1

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Identify
                                       critical resources and their capacity.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    What critical
                                       work centers are involved in making or assembly of the
                                       MPS end item?

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Only critical
                                       resources are included. More detailed information on all
                                       the other centers is considered at the material
                                       requirements planning level, when capacity requirements
                                       planning takes place.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    2

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Develop
                                       resource profiles for each work center for items being
                                       master-scheduled.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    What is the
                                       critical load placed by each MPS item by week at the
                                       work centers?

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    The key inputs
                                       to the product resource profiles, also called load or
                                       capacity requirements, are the MPS item quantities and
                                       the bill of resources (such as labor) for each item. The
                                       latter contains information on the standard hours
                                       (machine or labor) needed to produce one unit of an
                                       item.

                                    
                                    
                                    
                                    The resource
                                       profile is developed by multiplying the end item
                                       quantity by the standard hours required per unit to
                                       obtain the weekly and total load on the work center in
                                       question in standard hours.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    3

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Calculate the
                                       total load on the work centers.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    What is the
                                       aggregate critical load placed on capacity by all MPS
                                       items by week at the work center?

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Aggregate the
                                       adjusted loads on work center capacity for end items
                                       that share the same work center to determine the total
                                       required capacity each week at the work center.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    4

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Compare load
                                       to available capacity.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    In what weeks
                                       are there overloads or underloads?

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    The total
                                       capacity required at the work center per week is
                                       compared to the planned availability of machine or labor
                                       hours at the work center to find underloads or
                                       overloads.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    5

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Balance
                                       required capacity and planned available capacity.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    How can orders
                                       be rescheduled or other steps taken to eliminate over-
                                       or underloads?

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Take steps to
                                       eliminate over- and underloads, such as rescheduling
                                       orders inside the planning time fence, increasing or
                                       decreasing labor inputs, increasing sales through
                                       promotions, or modifying the MPS.

                                    
                                    
                                 

                              
                           

                        

                     
                     

                  
                  
                  There are three approaches to rough-cut
                     capacity planning: the capacity planning using overall factors (CPOF) approach,
                     the bill of labor approach, and the resource profile approach.

                  
                  
                  
                  
                     
                     CPOF

                     
                     
                     Capacity planning using
                           overall factors (CPOF) is defined by the ASCM Supply Chain Dictionary as follows:

                     
                     
                     
                        
                        A rough-cut capacity planning
                           technique. The master schedule items and quantities are multiplied by
                           the total time required to build each item to provide the total number
                           of hours to produce the schedule. Historical work center percentages are
                           then applied to the total number of hours to provide an estimate of the
                           hours per work center to support the master schedule. This technique
                           eliminates the need for engineered time standards.

                        

                     
                     
                     CPOF is the least detailed of
                        the three RCCP approaches. It is quick to calculate but not as sensitive to
                        shifts in product mix as some of the others.

                     
                  
                  
                  
                     
                     Bill of Labor
                           Approach

                     
                     
                     As defined
                        by the ASCM Supply Chain Dictionary, the bill of labor is “a structured listing of
                        all labor requirements for the fabrication, assembly, and testing of a
                        parent item.” The bill of labor approach, also called the capacity bill
                        procedure, uses the bill of labor (also called a bill of capacity), routing
                        data, the bill of material (BOM), and the master production schedule. It
                        requires data on standard hours in direct labor hours or machine hours per
                        operation. The BOM is broken down into the portions worked on at a given
                        work center, and the standard times for each BOM element produced there are
                        multiplied by the number of units needed for one final product. The total
                        standard hours per unit are then used in the capacity requirements
                        calculations for a given product mix being run.

                     
                     
                     This method therefore detects shifts in product mix but
                        does not account for differences in lead times. When setting lot sizes, it
                        assumes a lot-for-lot policy.

                     
                  
                  
                  
                     
                     Resource Profile
                           Approach

                     
                     
                     The ASCM Supply Chain Dictionary defines resource profile as follows:

                     
                     
                     
                        
                        The standard hours of load
                           placed on a resource by time period. Production lead-time data is taken
                           into account to provide time-phased projections of the capacity
                           requirements for individual production facilities.

                        

                     
                     
                     The resource profile approach is
                        similar to the bill of labor approach. However, it considers lead-time
                        offsets. In addition to the inputs needed for the bill of labor approach,
                        this method also requires data on production lead times for end units and
                        components. It also assumes a lot-for-lot policy.

                     
                     
                     
                        Exhibit 4-24 shows how the bill of resources for our commercial
                        door manufacturer case study is expanded to show item-level requirements for
                        our critical resources. (Note how the family level creates an average, but
                        individual item-level requirements might be in a wide range from this
                        average.)

                     
                     
                     
                        Exhibit 4-24: Bill of Resources Exploded to Item Level[image: A table titled “Bill of Resources Exploded to Item Level.” Go to long description for more details.]
                     Go to long description.

                     
                     
                     
                     Next we need to determine the
                        specific load on these resources by multiplying the per-unit requirement by
                        the number of units being produced each week. Exhibit 4-25 does this for
                        each of our three critical resources for week 1.

                     
                     
                     
                        Exhibit 4-25: Calculating Load on Critical Resources[image: A table titled “Calculating Load on Critical Resources.” Go to long description for more details.]
                     Go to long description.

                     
                     
                     
                     The sum of this load is then
                        compared to the available capacity, and any shortfalls are
                        addressed.

                     
                  
               
               

            
            

         
         
         
         
            
            
            Resolving Capacity Imbalances

            
            
            
            
               
               
               In an ideal situation, the master
                  production schedule (MPS) is not overstated. The MPS is equal to the production
                  plan, there are no past-due orders, and capacity is available to meet the MPS’s load
                  requirements.

               
               
               
               If the required capacity or load exceeds the
                  available capacity for any critical resources, the master planner can either find
                  ways to increase capacity or revise plans. If there is available capacity in other
                  periods, the load might be rebalanced. If overtime, shifting workers to other tasks,
                  hiring part-time workers, or subcontracting is not sufficient or economical, the
                  master planner may need to negotiate with sales and marketing to get them to use
                  demand management to shift demand, such as by changing the timing of a promotion and
                  using other options. Once the planner has devised a workable master production
                  schedule, it is published and is used in material requirements planning.

               
               
               
               
                  Exhibit 4-26 shows a rough-cut capacity planning (RCCP) calculation example for
                  work center 1226. The first part of the exhibit is the MPS for a particular period.
                  Note that the bill of resources and the resource profile are displayed in standard
                  hours. The overload/underload can be seen in the last row of the RCCP report table.
                  It is important to know the over- and underloads before implementing the MPS, as
                  these provide the master schedule with the knowledge of the achievability of the
                  production plan and the MPS as disaggregated.

               
               
               
               
                  
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 4-26: RCCP Example
                        
                        
                           
                           
                           
                           
                           
                           
                           
                           
                           
                           
                           
                           
                           
                        
                        
                           
                           
                              
                              	
                                 
                                 
                                 MPS for Weeks 32
                                    to 35, in Units
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                                 Product 2

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 55.80

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 11.16

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 66.96

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Product 3

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 31.82

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 31.82

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Total

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 64.80

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 64.80

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 55.80

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 42.98

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 228.38

                                 
                                 
                              

                           
                        

                     

                  
                  
                  
                  
                  
                     
                     
                        
                        
                           
                           
                           
                           
                           
                           
                           
                           
                           
                           
                           
                           
                           
                        
                        
                           
                           
                              
                              	
                                 
                                 
                                 RCCP Report

                                 
                                 
                                 
                                 Adjusted Load and
                                    Capacity: Weeks 32 to 35, in Hours per Week

                                 
                                 
                              

                           
                        
                        
                        
                           
                           
                              
                              	
                                 
                                 
                                 Work center 1226

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 32

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 33

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 34

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 35

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Total

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Standard hours

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 64.80

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 64.80

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 55.80

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 42.98

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 228.38

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Capacity
                                    available

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 58.25

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 58.25

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 58.25

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 58.25

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 233.00

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Over-/underload

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 6.55

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 6.55

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 (2.45)

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 (15.27)

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 (4.62)

                                 
                                 
                              

                           
                        

                     

                  
                  

               
               
               The solution in this example can be
                  arranged graphically to show the relationship between available capacity and the
                  adjusted total load on work center hours. Exhibit 4-27 displays the load
                  profile for the example from Exhibit 4-26.

               
               
               
               
                  Exhibit 4-27: Load Profile[image: Graph showing the scheduling of an assembly work center over a span of weeks with released orders and firm planned orders against available capacity and uncommitted capacity. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               When examining this graphic, important items to
                  note include the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     The demand time fence (DTF) is the
                        point at which only customer orders are considered and forecasts are no
                        longer used because production schedules are now set. The DTF is at week 31,
                        and orders inside the DTF have the status of released orders.

                     
                     

                  
                  
                  
                  	
                     
                     
                     There is an overload in weeks 32
                        and 33 and underload or uncommitted capacity in weeks 34 and 35.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The load in weeks 32 to 35 results
                        from firm planned orders that the master scheduler has allowed inside the
                        planning time fence (PTF). The PTF is the point at which the master
                        scheduler must approve changes because they would have adverse schedule and
                        cost impact. A firm planned order prevents the system from automatically
                        rescheduling an order, and some systems require all orders to be firmed up
                        prior to passing this fence. Within the zone created by the PTF, some of
                        these orders might already have been released.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Some uncommitted capacity exists
                        in weeks 34 and 35, and we can assume that it will be consumed by orders
                        later.

                     
                     

                  
                  
                  
                  	
                     
                     
                     There is a problem with the MPS,
                        and iterative steps need to be taken to resolve the overload on work center
                        1226 and other critical work centers in the product routing. Only then will
                        the MPS be workable.

                     
                     

                  
                  

               
               
               
               In the example, the adjusted load on the
                  work center in period 32 to 35 shows an overall net underload despite the overloads
                  in periods 32 and 33. This may indicate that a workable solution exists. A master
                  scheduler might even be tempted to conclude that the solution is to reschedule some
                  orders in weeks 34 and 35 to make room for the overload in weeks 32 and 33.

               
               
               
               The answer is not that simple, however.
                  The master scheduler works with sales to decide if and which customers’ orders can
                  be rescheduled or delayed. Finding the right solution also might include temporarily
                  increasing or decreasing capacity and not allowing any more master-scheduled items
                  into overloaded periods.

               
               
               
               Let’s examine the range of possible
                  solutions next.

               
               
               
               When the rough-cut capacity plan
                  identifies overloads and underloads, actions need to be considered to remedy the
                  situation. An initial rough-cut capacity plan will likely show capacity overloads
                  in
                  some time periods and underloads in others. A best-case scenario would be to use the
                  underload to build an order in advance of the customer need date.

               
               
               
               When the rough-cut capacity plan
                  identifies situations that are not as easily remedied, several actions can be
                  considered and taken singly or in combination with others. These include actions
                  focused specifically on the MPS:

               
               
               
               
                  
                  
                  	
                     
                     
                     Modification of the MPS dates and
                        quantities

                     
                     

                  
                  
                  
                  	
                     
                     
                     Communication with customers on
                        delivery flexibility

                     
                     

                  
                  
                  
                  	
                     
                     
                     Changes in available capacity

                     
                     

                  
                  

               
               
               
               Actions can also be taken apart from the
                  MPS:

               
               
               
               
                  
                  
                  	
                     
                     
                     Shift demand to other products.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Consider revisions to the
                        production plan.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Increase sales through
                        promotions.

                     
                     

                  
                  

               
               
               
               Exhibit 4-28 provides a list of
                  other actions and options available for addressing underload and overload situations
                  during master scheduling. A key concept is that the types of change actions required
                  to adjust the master schedule should not be unexpected. Those that will require
                  permanent or sustained changes should be anticipated and planned for at the sales
                  and operations planning (S&OP) level.

               
               
               
               
                  
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 4-28: Overload and Underload Solutions
                        
                        
                           
                           
                           
                           
                           
                        
                        
                           
                           
                              
                              	
                                 
                                 
                                 Overload

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Underload

                                 
                                 
                              

                           
                        
                        
                        
                           
                           
                              
                              	
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Use
                                          overtime, extra shifts.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Transfer
                                          personnel.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Hire more
                                          help.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Split lots
                                          and spread out production.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Use
                                          alternate work centers.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Install
                                          more equipment.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Offer
                                          incentives to customers.

                                       
                                       

                                    

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Use time
                                          for training and maintenance.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Transfer
                                          workers.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Use
                                          temporary layoffs.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Shorten
                                          workdays, workweeks.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Reduce
                                          subcontracting.

                                       
                                       

                                    

                                 
                                 
                              

                           
                        

                     

                  
                  

               
               
               Note that even if the MPS and the
                  production plan match, some events are beyond the control of the manufacturer and
                  cause MPS load requirements, or load profiles, to exceed or fall short of planned
                  available capacity. Two examples are as follows:

               
               
               
               
                  
                  
                  	
                     
                     
                     Demand based on a monthly S&OP
                        cycle might not match the weekly disaggregation by the MPS for the same
                        month based on a “divide by four” estimate.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Work-center-rated capacity might
                        not match demonstrated capacity.

                     
                     

                  
                  

               
               
               
               Exhibit 4-29 traces the changes
                  made in the MPS to a revised RCCP report. It assumes that the master scheduler and
                  sales were able to work with customers to reschedule order due dates.

               
               
               
               
                  Exhibit 4-29: Revised MPS and RCCP Report[image: Three tables showing the Master Production Schedule (MPS) for weeks 32 to 35, both original and revised, along with an RCCP report detailing adjusted load and capacity in hours per week for work center 1226. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               As the exhibit shows, load is now within
                  the capacity available in weeks 32 to 35. All weeks show a slight underload. The
                  changes made to the MPS to balance load with available capacity include

               
               
               
               
                  
                  
                  	
                     
                     
                     Nineteen units of product 1
                        originally scheduled in each of weeks 32 and 33 have been set back to week
                        34.

                     
                     

                  
                  
                  
                  	
                     
                     
                     There are 38 units of product 2
                        that have been set back one week to week 35.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Managing Work Centers

            
            
            
            
               
               
               The ASCM Supply
                     Chain Dictionary defines a work center as
                  follows:

               
               
               
               
                  
                  A specific production area, consisting of
                     one or more people and/or machines with similar capabilities, that can be
                     considered as one unit for purposes of capacity requirements planning and
                     detailed scheduling.

                  

               
               
               
               
                  
                  Critical Work Centers

                  
                  
                  
                  Critical work centers can be identified for
                     purposes of rough-cut capacity planning (RCCP) in several ways.

                  
                  
                  
                     
                     Capacity Planning using
                           Overall Factors (CPOF)

                     
                     
                     If the capacity planning using overall factors (CPOF)
                        method is used, the process may be manual. It will involve reviewing
                        accounting data related to the historical usage of each work center. The
                        direct labor hours of a given work center divided by the total direct labor
                        hours of all work centers will result in a historical percentage of usage
                        for each work center, such as work center 234 taking up 40 percent of all
                        direct labor hours. The total of all percentages will equal 100 percent.
                        When calculating capacity requirements per period, this historical
                        percentage is multiplied by the required capacity for a given period to
                        determine the work center’s load. Work centers that consistently have a load
                        that is near or exceeds capacity requirements will be the critical work
                        centers. If the product mixes and load remain relatively constant at each
                        work center, this method can be reliable.

                     
                  
                  
                  
                     
                     Bill of Labor Approach

                     
                     
                     When there
                        are shifts in product mix at work centers but there is a relatively constant
                        work pattern, a bill of labor approach might be used. In this case, the
                        organization will be maintaining work center data on standard hours required
                        to produce end items or components required for a particular product mix.
                        Historical data on which work centers have experienced bottlenecks can be
                        determined. It may be that different product mixes result in different work
                        centers becoming bottlenecks, in which case the critical work centers to
                        validate may differ based on the mix that is being produced in the given
                        period.

                     
                  
                  
                  
                     
                     Resource Profile
                           Approach

                     
                     
                     If there are
                        variations in product mix and the pattern of work varies considerably from
                        period to period, then a resource profile approach might be in use for RCCP.
                        If so, there will be time-phased capacity requirements generated for each
                        work center. Again, a historical review of these requirements can be
                        compared against the work centers’ capacity data to identify which typically
                        experience bottlenecks or which ones will have bottlenecks for a given
                        period.

                     
                  
                  
                  Once critical work centers are identified,
                     they need to be managed. This can include managing which work centers are
                     critical for a particular period as well as managing the work centers themselves
                     to ensure that they can operate at full capacity. This can be accomplished using
                     concepts from methodologies such as demand-driven material requirements planning
                     or the theory of constraints to maintain strategic buffers before the work
                     center.

                  
                  
               
               
               
               
                  
                  Work Center Utilization and
                     Maintenance

                  
                  
                  
                  A core goal of rough-cut capacity planning (RCCP) is to
                     maximize the utilization and efficiency of critical work centers. Critical work
                     centers need to be kept in as full use as possible (assuming they are
                     bottlenecks), and drains on their efficiency need to be minimized, such as
                     having fewer setups, shorter setup times, shorter run times, and so on. RCCP and
                     master scheduling represent the first time these factors can be assessed against
                     actual load information. Because master scheduling and RCCP are conducted over a
                     longer planning horizon than the later manufacturing planning and control
                     phases, it is at this point that there may be time to do something proactive
                     about work center capacity issues.

                  
                  
                  
                  
                  Failing to maintain work centers out of a desire to keep them
                     fully utilized is an accident waiting to happen. Maintenance schedules need to
                     be factored into capacity planning. This will necessarily reduce the capacity
                     that is available.

                  
                  
               
               

            
            

         
         
   
      
         
         
         
         Section B: Using and Maintaining the Master
            Schedule

         
         
         
         
            
            
            
               After
                  completing this section, students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Describe the
                     master schedule process flow

                  
                  

               
               
               
               	
                  
                  
                  Understand the
                     purpose and use of time fences and the zones they create

                  
                  

               
               
               
               	
                  
                  
                  Calculate projected
                     available balance with and without time fences

                  
                  

               
               
               
               	
                  
                  
                  Calculate
                     cumulative available-to-promise with and without look-ahead

                  
                  

               
               
               
               	
                  
                  
                  Maintain the master
                     schedule by adjusting inventory or backlog levels

                  
                  

               
               
               
               	
                  
                  
                  Control and
                     coordinate engineering changes

                  
                  

               
               
               
               	
                  
                  
                  Identify the
                     consequences of not abiding by the master schedule

                  
                  

               
               
               
               	
                  
                  
                  Identify when a
                     schedule has become unrealistic

                  
                  

               
               
               
               	
                  
                  
                  Measure master
                     scheduling performance using key performance indicators, indicators of
                     problems, and policies/controls.

                  
                  

               
               

            
            
            
            This section addresses the master scheduling
               process flow. It also covers how master scheduling needs to maintain stability by
               differentiating between necessary change and change that reduces efficiency to too
               great a degree. The section looks at order promising, ongoing management of the
               master schedule, and how to deal with various master production scheduling
               challenges and complexities. It concludes with a discussion of how to validate the
               overall performance of the master schedule.

            
            

         
         
         
         
   
      
         
         
         
         Using the Master Schedule

         
         
         
         
            
            
            After
               presenting a decision flowchart for master scheduling and some other ways to understand
               why
               and how master schedules are subject to change, we cover balancing supply and demand
               at the
               item level, planning and coordinating changes to the master schedule, time fences,
               projected
               available balance, and available-to-promise.

            
            

         
         
         
         
         
            
            
            Master Scheduling Usage Road Map

            
            
            
            
               
               
               Just as S&OP balances supply (resources) and demand (for products)
                  at the product family level, master scheduling balances supply and demand at the end
                  item/independent demand item level. The main tool to control product availability
                  is the
                  master production schedule (MPS). By using the beginning inventory and the sales forecast
                  for a particular end item, a master scheduler can calculate the amount of production
                  needed
                  per period to meet the anticipated customer demand. This calculation becomes more
                  complex in
                  a multiproduct environment, where forecast errors and capacity constraints can add
                  uncertainty to the production planning process. Maintaining a stable MPS is difficult
                  for
                  many organizations.

               
               
               
               The stability of the MPS relates to

               
               
               
               
                  
                  
                  	
                     
                     
                     The frequency of
                        changes in timing and quantity over a period for end items that appear in the
                        MPS

                     
                     

                  
                  
                  
                  	
                     
                     
                     The discipline of the
                        organization in following processes from forecasting all the way to customer
                        delivery

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organizational
                        goals/objectives, particularly in the area of customer service commitments.

                     
                     

                  
                  

               
               
               
               Understanding master scheduling change drivers, the
                  basic process flow and its decision points, and how to set the planning horizon are
                  prerequisites to be able to properly maintain a master schedule. After that we introduce
                  balancing system responsiveness against system efficiency, which uses several tools
                  to
                  enable properly planning and coordinating changes to the master schedule.

               
               
               
               
                  
                  Master
                     Scheduling Change Drivers

                  
                  
                  
                  The rate of
                     changes made to the master production schedule continues to escalate as customers
                     demand
                     more and more flexibility. There are numerous sources of changes requested that cause
                     schedule instability, from both the supply and demand side of the equation. These
                     can be
                     seen in Exhibit 4-30.

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 4-30: Change Drivers
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Demand

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Supply

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Competition in the marketplace. Demands
                                             driven by particular customers or groups of customers.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Variations in product transportation. The
                                             number of times a product is moved; the numbers of shipping
                                             modes.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Supply chain partners. If not shipping
                                             direct to the customer, then the actions of various partners can trigger
                                             demand changes.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Sales and marketing initiatives. The
                                             impact of a marketing promotion, new packaging, incentive programs
                                             (consumer or sales).

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Quality issues in processes and products.
                                             This impacts schedule, capacity, or material.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Reliability of the supplier. If there is
                                             a change in supplier reliability, there is a cascade effect.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Supply-demand balance. The reliability of
                                             a single or limited number of suppliers can put the organization at risk
                                             if the suppliers start to fall behind.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Manufacturing flexibility. The ability of
                                             the organization to adjust to new equipment or processes; this includes
                                             the potential time it takes to get everyone trained.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Product mix. The make-up of the different
                                             end items being produced can impact the changes to production time,
                                             resources, or equipment.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Ripple effect from untimely deliveries of raw
                                                materials. Depending on the manufacturing environment, there can be
                                             a ripple effect throughout the organization if one piece changes at the
                                             beginning of the process.

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
                  
                  In an effort to control and
                     manage the volume of change and limit the instability, it is recommended that changes
                     to
                     the master schedule be carefully planned and coordinated—because a stable master
                     production schedule translates into a stable component schedule. The question is,
                     can your
                     organization do this?

                  
                  
                  
                  Managing the master
                     schedule over time is subject to the volatility of change drivers. In addition to
                     the
                     change drivers, other trends are being seen over time, such as

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        The increasing rate
                           of schedule changes caused by more-demanding customers and markets

                        
                        

                     
                     
                     
                     	
                        
                        
                        The demand for more
                           and more flexible manufacturing processes and supply chain partners

                        
                        

                     
                     
                     
                     	
                        
                        
                        The increasing use
                           of advanced planning and scheduling software that provides immediate feedback as to
                           the effectiveness of the master schedule.

                        
                        

                     
                     

                  
                  
               
               
               
               
                  
                  Master
                     Scheduling Flowchart

                  
                  
                  
                  The
                     master-scheduling process is never done; it is perpetually managed in order to ensure
                     a
                     balance of stability and responsiveness. Like sales and operations planning, the
                     master-scheduling process is one of the techniques used to enhance coordination of
                     processes and functions both inside and outside an organization. Exhibit 4-31
                     shows where in the process the master production schedule is addressed. As you can
                     see,
                     there are various feedback loops to accommodate for adjustments that may need to be
                     made
                     to the forecast.

                  
                  
                  
                  
                     Exhibit 4-31: Master Scheduling Flow[image: Flowchart depicting the master scheduling flow. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
               
               
               
               
                  
                  Determining
                     the Planning Horizon

                  
                  
                  
                  
                  The planning horizon for master scheduling requires
                     information on lead times not just for end unit production but also for production
                     of
                     components or for ordering and receiving raw materials or components that are not
                     produced
                     or kept in inventory. The ASCM Supply Chain Dictionary defines cumulative lead time as follows:

                  
                  
                  
                  
                     
                     The longest planned length of time to
                        accomplish the activity in question. It is found by reviewing the lead time for each
                        bill of material path below the item. Whichever path adds up to the greatest number
                        defines cumulative lead time.

                     

                  
                  
                  
                  Exhibit 4-32 is
                     basically a bill of material turned on its side to show how the various components
                     line up
                     along a 13-week time line. (The bill of material lists all of the components needed
                     to
                     make an item.) Here we use the letter A to denote the final assembly operation and
                     B
                     through G to denote various items that need to be purchased or manufactured. The planning
                     horizon is based on a study of the lead times required to acquire and/or produce
                     components. The idea is to find the longest cumulative lead time. In this case, the
                     path
                     A-C-G is the longest, with a cumulative lead time of 13 weeks.

                  
                  
                  
                  
                     Exhibit 4-32: Planning Horizon[image: Flowchart showing the lead times for different work centers labeled G, F, E, D, C, B, and A, with a timeline at the bottom indicating the weeks. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Note that, by convention, an item is due
                     for receipt at the start of the following week—the week in which it will be used as
                     an
                     input to another process. For example, item G is ordered at the start of week 1 and
                     arrives ready for use at the work center that needs to produce item C at the start
                     of week
                     11. This is 10 weeks because it includes all of week 1 and all of week 10.

                  
                  
                  
                  Even without this visual time line aid, the
                     longest cumulative lead time can be calculated by summing the lead times of each possible
                     combination of sequential activities, and the highest cumulative total is then the
                     basis
                     for the planning horizon. This will mean that when one unit of A is put on the master
                     production schedule, however many units of G needed for one A will be ordered in the
                     week
                     the order is released. The other elements can wait until the beginning of the week
                     they
                     need to be ordered, produced, or taken from inventory.

                  
                  
                  
                  In actual practice, many organizations build slack time into their
                     planning horizons, or additional lead time to provide planning room to account for
                     delays
                     or issues. The software that runs master scheduling will then have more visibility
                     into
                     supply or demand issues that come up beyond the longest lead time release date and
                     can,
                     for example, recommend expediting or de-expediting certain orders to maintain MPS
                     validity.

                  
                  
                  
                  
                     
                     
                     
                        
                        
                        Final Assembly Schedules and Planning
                           Horizon
                        

                     
                     
                     
                     
                     Assemble-to-order
                        products, such as computers or end items that can be painted in custom colors, will
                        require a final assembly schedule. Briefly, the final assembly schedule will be the
                        time
                        required to assemble the components needed for the specific order, not to order or
                        produce these components. This is done using the master schedule. The master schedule
                        time horizon will include the lead time needed to assemble the order plus lead times
                        for
                        components. In Exhibit 4-32, item A is the lead time for final assembly. The specifics of what
                        will be assembled can then wait until actual orders come in, so that only the components
                        need be ordered, produced, and/or inventoried based on component
                        forecasts.

                     
                     
                  
               
               
               
               
                  
                  Inflexibility, System Nervousness, and Change Coordination

                  
                  It is important for the
                     organization to find the balance between too many changes to the master production
                     schedule and too few. Frequent adjustments to the MPS can lead to schedule instability,
                     or
                     system nervousness. System nervousness is a term commonly used to describe a production
                     environment that has become inefficient due to too many last-minute changes to production.
                     Too many changes are costly and reduce productivity. Too few changes, on the other
                     hand,
                     can indicate a lack of responsiveness to organizational needs, and this inflexibility
                     can
                     lead to poor customer service and increased inventory. A production system that cannot
                     adapt to changes in demand might be producing items no one wants. Finding the balance
                     between these undesirable extremes requires dedicated time spent planning and
                     coordinating. A stable master production schedule is the ideal condition, as it

                  
                  
                  
                     
                     	
                        
                        Leads to stable
                           component schedules

                        

                     
                     
                     	
                        
                        Improves plant
                           operations performance.

                        

                     

                  
                  
                  
                  The rules created for planning and
                     coordinating MPS changes need to reflect how the organization’s current supply chain
                     linkages and manufacturing processes align with customers’ expectations. Frequent
                     short-term schedule changes are often indicators that trends in the marketplace are
                     evolving and will likely require cost-effective and flexible responses by manufacturers.
                     The tactics listed below are examples of strategies the organization may want to embrace
                     to make it easier to affordably accommodate an increasing amount of changes and become
                     more agile:

                  
                  
                  
                     
                     	
                        
                        Shorten cycle
                           time.

                        

                     
                     
                     	
                        
                        Improve
                           quality.

                        

                     
                     
                     	
                        
                        Assemble or
                           make-to-order vs. make-to-stock.

                        

                     
                     
                     	
                        
                        Rethink stocking
                           strategies.

                        

                     
                     
                     	
                        
                        Standardize product
                           offerings.

                        

                     
                     
                     	
                        
                        Streamline
                           transportation.

                        

                     
                     
                     	
                        
                        Loosen time
                           fences.

                        

                     

                  
                  
                  Making changes or adjustments of this
                     magnitude will require the involvement of all levels of the organization to ensure
                     that
                     various perspectives are considered.

                  
                  
                  The techniques used by the master scheduler to plan and
                     coordinate changes to the master production schedule that are discussed in this
                     general content area include

                  
                  
                  
                     
                     	
                        
                        Time fences and
                           zones

                        

                     
                     
                     	
                        
                        Calculating projected
                           available balances when time fences and zones are used

                        

                     
                     
                     	
                        
                        Available-to-promise.

                        

                     

                  
               
               

            
            

         
         
         
         
            
            
            Time Fences and Zones

            
            
            
            
               
               
               Two
                  techniques used to reduce nervousness and handle any changes to the master production
                  schedule while still maintaining the desired level of stability are time fences and
                  zones.

               
               
               
               A time fence is
                  defined by the ASCM Supply Chain Dictionary as
                  follows:

               
               
               
               
                  
                  A policy or guideline
                     established to note where various restrictions or changes in operating procedures
                     take
                     place. For example, changes to the master production schedule can be accomplished
                     easily
                     beyond the cumulative lead time, while changes inside the cumulative lead time become
                     increasingly more difficult to a point where changes should be resisted. Time fences
                     can
                     be used to define these points.

                  

               
               
               
               Master scheduling uses time fences to determine what kind of changes
                  in volume and variety are allowed for orders as they move from order receipt through
                  to
                  production.

               
               
               
               The demand time fence (DTF) is defined in the ASCM Supply Chain Dictionary as follows:

               
               
               
               
                  
                  1) That point in time inside of
                     which the forecast is no longer included in total demand and projected available inventory
                     calculations. Inside this point, only customer orders are considered. Beyond this
                     point,
                     total demand is a combination of actual orders and forecasts, depending on the forecast
                     consumption technique chosen. 2) In some contexts, the demand time fence may correspond
                     to
                     that point in the future inside which changes to the master schedule must be approved
                     by
                     an authority higher than the master scheduler. Note, however, that customer orders
                     may
                     still be promised inside the demand time fence without higher authority approval if
                     there
                     are quantities available to promise. Beyond the demand time fence, the master scheduler
                     may change the master production schedule within the limits of established rescheduling
                     rules without the approval of higher authority.

                  

               
               
               
               Inside the DTF one is in the frozen
                  zone, so changes are seldom permitted. If they are made, it is only with the approval
                  of
                  senior management. The DTF usually covers the period of actual production time, but
                  this
                  duration is determined by management.

               
               
               
               The ASCM Supply Chain Dictionary defines the planning
                     time fence (PTF) as follows:

               
               
               
               
                  
                  A point in time denoted in
                     the planning horizon of the master scheduling process that marks a boundary inside
                     of
                     which changes to the schedule may adversely affect component schedules, capacity plans,
                     customer deliveries, and cost. Outside the planning time fence, customer orders can
                     be
                     booked, and changes to the master schedule can be made within the constraints of the
                     production plan. Changes inside the planning time fence must be made manually by the
                     master scheduler.

                  

               
               
               
               Between the PTF and the DTF is the
                  slushy zone. Changes here can be made by the master scheduler. The PTF is almost always
                  set
                  as the longest cumulative lead time of the product. Rough-cut capacity planning calculates
                  load out through the PTF.

               
               
               
               The planning horizon should extend
                  beyond the planning time fence. In Sales and Operations
                     Planning: The How-To Handbook, Wallace and Stahl recommend that the total planning
                  horizon should extend an extra 25 to 50 percent of time beyond the PTF. This gives
                  the
                  master scheduler visibility to demand that is approaching the PTF. The area outside
                  the PTF
                  is called the liquid zone because the ERP system can automatically make adjustments
                  as it
                  engages in planning or replanning activities.

               
               
               
               Exhibit 4-33 reviews the three zones these
                  fences create, the implications of each zone, and who would need to approve any requested
                  changes that fall within it. Note that the zone names can vary (e.g., emergency, trading,
                  future planning), but the purpose is the same. It is useful for organizations to establish
                  zones to focus attention on what can and cannot be changed within a particular zone.

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 4-33: Function of Zones and Time Fences
                        
                        
                           
                           
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Characteristic

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Descriptions and Implications

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Changes Approved by…

                                 
                                 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Frozen zone and demand time fence (DTF)

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       The DTF
                                          creates a frozen zone, where all capacity and materials are committed to
                                          specific orders. Where to locate the demand time fence in the time horizon
                                          is a management decision.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Since this
                                          zone is inside the DTF, changes to the MPS cannot or should not be made.
                                          Senior management approval is usually required. Rescheduling into or out of
                                          the zone is possible but discouraged. Emergency changeovers to other
                                          products (e.g, rerouting, rescheduling, additional setups) are disruptive
                                          and expensive this late.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Only
                                          customer orders are used in calculating the projected available balance
                                          (PAB). Forecasts are ignored. Therefore, the PAB is calculated using the
                                          “Customer orders” line and the forecast is not used.

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Vice
                                          president of manufacturing or equivalent (rescheduling into or within
                                          zone)

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Vice
                                          president of sales (rescheduling out)

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Slushy zone and planning time fence (PTF)

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       The planning
                                          time fence creates a middle zone that is called slushy because the master
                                          scheduler has the authority to make changes. The scheduling software will
                                          typically require MPS orders in this zone to be evaluated (i.e., it is not
                                          automatic).

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       This zone,
                                          which is between the DTF and the PTF, might be called “walking on thin ice”
                                          in that changes should be attempted only if all implications of the change
                                          have been analyzed.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Changes to
                                          correct errors or make sales or customer changes can be relatively easy if
                                          the right components are available for the new priorities. Product mix can
                                          vary through tradeoffs within overall volume limits, with limited
                                          flexibility from overtime. Some changes will be difficult, however, since
                                          capacity is established and materials are ordered.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       The product’s
                                          longest cumulative lead time almost always defines where the planning fence
                                          is located.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       The PAB is
                                          calculated in this and the next zone using the higher of customer orders or
                                          the forecast.

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Master scheduler, within predetermined rules

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Liquid zone

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       In the
                                          liquid zone outside the PTF, the scheduling software might automatically
                                          make changes without requiring input from the master scheduler, and manual
                                          changes can also be made.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       The horizon for
                                          this zone is usually the added time beyond the cumulative lead time of the
                                          product.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       This zone
                                          allows changes in mix and in volume. The only constraint is the limits set
                                          in the production plan.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Customer
                                          orders and forecasts (the greater of) are considered in calculating the
                                          projected available balance.

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 No approval necessary if consistent with sales and operations
                                    plan.

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               
               
               There is a management decision point whenever a
                  purchased component is received or a manufactured component is completed—to commit
                  the item
                  as an input to the process it was intended for, to use the item as an input for some
                  other
                  item, or to put the item into inventory for general use. When this commitment is made,
                  the
                  available options are reduced and the cost incurred in purchasing or producing the
                  component
                  is accepted as a cost related to producing the item.

               
               
               
               As seen in Exhibit 4-34, an organization will have
                  different locations for its PTF because different products will have different cumulative
                  lead times. The exhibit also shows that the manufacturing environment used may impact
                  the
                  duration of the DTF. In this example, the MTO product needs to be frozen sooner, perhaps
                  because custom products often have little or no sale value to a different customer.

               
               
               
               
                  Exhibit 4-34: Zones and Time Fences[image: Flowchart illustrating the time fences and change approval levels for MTO and MTS production environments. It shows the demand and planning time fences, finishing lead time, and cumulative lead time across a 12-week timeline. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               Exhibit 4-35 shows the demand time fence and planning time fence and the zones they create
                  on a master scheduling grid. Note also that this master schedule now also shows customer
                  orders, a projected available balance, and available to promise. This grid calculates
                  the
                  master production schedule for operations purposes and shows a projected available
                  balance
                  and available-to-promise amounts for demand prioritization purposes. Available-to-promise
                  is
                  addressed in detail later. The lot size in this example is 50 units and there is no
                  safety
                  stock.

               
               
               
               
                  Exhibit 4-35: Master Scheduling Grid[image: This chart depicts a master scheduling grid for periods 1 through 10, divided into three zones: Frozen, Slushy, and Liquid. The Frozen zone, bounded by the Demand Time Fence, indicates limited changes. The Slushy and Liquid zones, separated by the Planning Time Fence, allow more flexibility in scheduling. Go to long description for more details.]
               
                  Source: APICS Master Planning of Resources, Version
                        3.1
                  

               
                  Go to long description.
                  

               
               
               
               
               Use of these zones generates stability while
                  allowing things to change as either demand changes or to correct errors such as the
                  wrong
                  quantities, wrong products, or wrong shipping dates. Since the discussion of zones
                  indicated
                  that orders versus forecast are used differently, the PAB calculations will differ
                  depending
                  on whether or not these time fences are used.

               
               
               
               
                  
                  Calculating
                     PAB When Time Fences Are Not Used

                  
                  
                  
                  
                  One way to coordinate master production schedule changes is to use
                     the projected available balance (PAB). If the on-hand inventory is not accurate, it
                     impacts the organization all the way to the master schedule. The formula for the PAB
                     calculation is as follows:

                  
                  
                  
                  
                     
[image: ../images/4-b-t01_2_-_time_fences_and_zones_01_id176QB0K0FXO_mathml_123_width_1110.png]

                     

                  
                  
                  
                  The objective of
                     the PAB calculation is to determine the projected inventory levels and their sufficiency
                     at the end of each period. The calculation leads to decisions on whether to schedule
                     an
                     MPS receipt in the MPS row in any of the periods in the planning horizon. It also
                     allows
                     sales and customer service to determine if they are able to promise shipment of orders
                     received in the weeks throughout the planning horizon.

                  
                  
                  
                  Exhibit 4-36 illustrates the importance
                     of the PAB calculation to managing master production schedule changes. Given the forecast
                     shown and a level production of 10 units, the PAB calculation tells you what your
                     projected inventory level is at the end of each period and whether it is sufficient
                     to
                     cover the forecast demand. Note that the decision to use a level production plan is
                     made
                     at the S&OP level. In this example, the total forecast is 43 units and the total MPS
                     quantity for the first five periods is 50 units. The projected available balance will
                     increase by seven units over the five-week period.

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 4-36: Projected Available Balance Example
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                     On
                        hand = 20; safety stock = 0
                     

                  
                  
               
               
               
               
                  
                  Calculating PAB When Time
                     Fences Are Used

                  
                  
                  
                  The use of a demand time fence requires
                     revising the formula for how to calculate the PAB; the calculation now differs according
                     to what side of the demand time fence we are on. Exhibit 4-37 has a “Customer Orders” line (also
                     called a backlog), and it shows a demand time fence after week three and a planning
                     time
                     fence after week 13. (Assume that 13 weeks is the cumulative lead time for the
                     product.)

                  
                  
                  
                  
                     Exhibit 4-37: Master Production Schedule with Demand Time Fence and Customer Orders[image: A table illustrating a master schedule for a make-to-stock chase production example. The table contains columns representing weeks and rows for forecast, customer orders, projected available balance, and master production schedule. Beginning inventory and lot size information are provided at the top. The table is divided by vertical lines into sections labeled as Demand Time Fence and Planning Time Fence.]
                  
                  
                  
                  
                  The rules for calculating the projected
                     available balance before the demand time fence follow along with examples from the
                     exhibit. (Note that in period 1, the prior period PAB will be the on-hand balance,
                     so this
                     otherwise identical formula is not shown.)
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                  The rules for
                     calculating the projected available balance after the demand time fence follow along
                     with
                     examples from the exhibit.
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                  Adding this detail
                     causes the PAB to change per period, and it could also alter when MPS orders should
                     be
                     scheduled, since the PAB might not go negative when it would have if based only on
                     the
                     forecast. After the demand time fence, the forecast is consistently higher than the
                     customer orders in this example, so it is used in each case. This will often be true,
                     since there will tend to be fewer and fewer customer orders the further one goes into
                     the
                     future. (Customers haven’t ordered yet.) However, if a large order came in that was
                     higher
                     than the forecast, this would be used for scheduling.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Available-to-Promise and Order Promising

            
            
            
            
               
               
               An
                  effective master production schedule (MPS) enables the delivery of products to support
                  customer expectations. The relationship between master scheduling and sales involves
                  order
                  entry using order promising. The ASCM Supply Chain
                     Dictionary defines these terms as follows:

               
               
               
               
                  
                  Order entry: The process
                     of accepting and translating what a customer wants into terms used by the manufacturer
                     or
                     distributor. The commitment should be based on the available-to-promise line in the
                     master
                     schedule. This can be as simple as creating shipping documents for finished goods
                     in a
                     make-to-stock environment, or it might be a more complicated series of activities,
                     including design efforts for make-to-order products.

                  
                  Order promising: The process of making a delivery commitment (i.e.,
                     answering the question, “When can you ship?”). For make-to-order products, this usually
                     involves a check of uncommitted material and availability of capacity, often as
                     represented by the master schedule available-to-promise.

                  

               
               
               
               The ASCM Supply Chain Dictionary defines available-to-promise (ATP) in part as follows:

               
               
               
               
                  
                  In operations, the
                     uncommitted portion of a company’s inventory and planned production maintained in
                     the
                     master schedule to support customer-order promising. The ATP quantity is the uncommitted
                     inventory balance in the first period and is normally calculated for each period in
                     which
                     an master production schedule receipt is scheduled. In the first period, ATP includes
                     on-hand inventory less customer orders that are due and overdue.

                  

               
               
               
               ATP

               
               
               
               
                  
                  
                  	
                     
                     
                     Ignores the forecast and focuses on customer
                        orders only

                     
                     

                  
                  
                  
                  	
                     
                     
                     Is calculated for the first period on the
                        master scheduling grid

                     
                     

                  
                  
                  
                  	
                     
                     
                     Is then calculated only for each period in
                        which there is an MPS receipt

                     
                     

                  
                  
                  
                  	
                     
                     
                     Consists of three methods of calculation:
                        discrete and two types of cumulative.

                     
                     

                  
                  

               
               
               
               The available-to-promise quantity is the
                  uncommitted inventory balance in the first period and is normally calculated for each
                  period
                  in which an MPS receipt is scheduled. In the first period, ATP includes on-hand inventory
                  less customer orders that are due and overdue.

               
               
               
               Exhibit 4-38 shows conceptually how the
                  committed portion of the MPS, in the form of actual orders, leaves the uncommitted
                  portion
                  to be promised to customers who have not yet ordered, which is called ATP.

               
               
               
               
                  Exhibit 4-38: How ATP Is Uncommitted Portion of MPS[image: A line graph showing the relationship between units and time. The x-axis represents time, and the y-axis represents units. A horizontal line at the top signifies the MPS level (capacity). The curved line starts close to this capacity line, indicating initial customer orders. As time progresses, the curve slopes downward, showing a decrease in the ATP inventory as customer orders are fulfilled.]
               
               
               
               
               The closer one gets to the present, the more the
                  cumulative actual orders displace forecasts or available capacity. This leads us to
                  a few
                  definitions related to inventory availability from the Dictionary.

               
               
               
               
                  
                  Available inventory: The on-hand inventory balance minus allocations,
                     reservations, backorders, and (usually) quantities held for quality problems. This
                     is
                     often called beginning available balance.

                  
                  On-hand balance: The
                     quantity shown in the inventory records as being physically in stock.

                  

               
               
               
               In addition to checking inventory levels (if any),
                  sales professionals will be able to view available-to-promise information in the
                  organization’s master schedule. ATP information contains quantities and due dates
                  for which
                  deliveries can be committed. ATP provides a response to a customer order inquiry based
                  on
                  resource availability. Since the production plan was agreed to by sales and marketing
                  and
                  others, this consensus helps ensure that the MPS reflects what sales and marketing
                  believe
                  they can actually sell, subject to the availability of resources. If the MPS is realistic
                  and achievable, sales can provide reliable delivery lead time quotes. If not, manufacturing
                  and sales will be reacting to a series of emergencies and customer complaints.

               
               
               
               There are two primary types of ATP: discrete and
                  cumulative. Cumulative ATP has two subtypes.

               
               
               
               
                  
                  Calculating
                     ATP: Discrete and Cumulative With/Without Look-Ahead

                  
                  The ASCM Supply Chain Dictionary defines discrete
                        available-to-promise as follows:

                  
                  
                  
                     
                     A calculation based on the
                        available-to-promise figure in the master production schedule (MPS). For the first
                        period, the available-to-promise (ATP) is the sum of the beginning inventory plus
                        the
                        MPS quantity minus backlog for all periods until the item is master scheduled again.
                        For
                        all other periods, if a quantity has been scheduled for that time period, then the
                        ATP
                        is this quantity minus all customer commitments for this and other periods until another
                        quantity is scheduled in the MPS. For those periods where the quantity scheduled is
                        zero, the ATP is zero (even if deliveries have been promised). The promised customer
                        commitments are accumulated and shown in the period where the item was most recently
                        scheduled.

                     

                  
                  
                  In the cumulative
                     method, ATP quantities in one period are carried forward to the next. The ASCM Supply Chain Dictionary defines cumulative
                        available-to-promise as follows:

                  
                  
                  
                     
                     A calculation based on the
                        available-to-promise (ATP) figure in the master production schedule (MPS). Two methods
                        of computing the cumulative ATP are used: with and without look-ahead calculation.
                        The
                        cumulative with look-ahead ATP equals: (The ATP from the previous period + The MPS
                        of
                        the period) – (The backlog of the period – The differences between the backlogs and
                        MPSs
                        of all future periods until, but not to include, the period where point production
                        exceeds the backlogs). The cumulative without look-ahead procedure equals: (The ATP
                        from
                        the previous period + The MPS) – (The backlog in the period being
                        considered).

                     

                  
                  
                  Note how the cumulative
                     ATP method has two subtypes: cumulative ATP with look-ahead and cumulative ATP without
                     look-ahead. This results in three methods. The formula for the first period ATP is
                     the
                     same for all three methods:
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                  For discrete ATP, the
                     formula for any period other than period 1 that has an MPS scheduled is as follows,
                     with
                     an example from Exhibit 4-39 below:
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                  Exhibit 4-39 shows all
                     three methods for comparison. The 50 units of on-hand inventory minus the customer
                     orders
                     of 19 and 17 units results in 14 units that can be promised to customers in period
                     one in
                     all three methods.

                  
                  
                  
                     Exhibit 4-39: Discrete vs. Cumulative With and Without Look-Ahead[image: A table showing various production planning metrics across three time zones: Frozen Zone, Slushy Zone, and Liquid Zone. The rows include Forecast, Customer Orders (backlog), Projected Available Balance (PAB), Discrete ATP, Cumulative ATP with look-ahead, Cumulative ATP without look-ahead, and Master Production Schedule (MPS). The columns are labeled with periods 1 to 10, divided into the three zones. Arrows indicate the Demand Time Fence and Planning Time Fence. Go to long description for more details.]
                  Go to long description.

                  
                  
                  
                  
                     On hand = 50 units; lot size = 50 units; safety stock = 5
                        units

                  
                  
                  Note that safety stock does not
                     need to be a consideration in any of the methods. Safety stock affects when an MPS
                     order
                     needs to be placed (e.g., an MPS is placed in period 5 to prevent the PAB from going
                     below
                     five units). However, for order promising, safety stock is fair game and can be promised
                     to customers since the point of it is to enable sales when a system with no safety
                     stock
                     would have already had a stockout.

                  
                  
                  The basic
                     method for any later period containing an MPS is to start with the MPS and then subtract
                     customer orders (i.e., the backlog) in the current and all future periods that do
                     not yet
                     contain another MPS. Any other period not containing an MPS gets a zero for ATP. The
                     ATP
                     between those periods will be the same as the last ATP and so does not need to be
                     calculated. There is also an adjustment to borrow from prior period ATP if ATP were
                     to go
                     negative. (An example of this is shown shortly.) The formula for cumulative ATP with
                     look-ahead is very similar to this (except that the additional rule about how to handle
                     negative ATP is not needed), so it is presented next. The only other difference for
                     cumulative ATP with look-ahead is that it starts with the previous cumulative ATP
                     amount,
                     resulting in a running total.
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                  Note how in Exhibit 4-39 if you
                     add the discrete ATP for periods 1 and 3, you get the period 3 cumulative ATP with
                     look-ahead. Cumulative ATP with look-ahead is just a running total of the discrete
                     ATP
                     values. So the 171 units in period 10 is simply the 50 units on hand plus the four
                     orders
                     of 50 units in the MPS, or 250 units minus 79 units of customer orders in total equals
                     171
                     units still available to be sold.

                  
                  
                  Cumulative
                     ATP without look-ahead also starts with the prior cumulative ATP amount, but it differs
                     in
                     that it considers only customer orders in the current period, not in any future periods
                     before the next MPS.
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                  With the without
                     look-ahead method, the availability levels are much higher than the other methods
                     because
                     future orders in MPS periods are not considered. This assumption might be useful only
                     in
                     certain industries. When should orders in future periods before the next MPS be promised
                     to a customer who wants to buy the inventory now rather than the customer who will
                     want it
                     in the future? This might be useful in some industries such as for perishable goods
                     that
                     are best when very fresh, when customers have a tendency to cancel orders, or when
                     high
                     inventory turnover is a top priority. However, it could result in some future order
                     promises being broken; this is a potential drawback of the without look-ahead method
                     that
                     is avoided in the with look-ahead method.

                  
                  
                  
                  Note
                     that ATP as implemented in enterprise resources planning or other systems may have
                     additional nuances and configurable rules. An example of such a configuration option
                     intended to add some common sense to the system’s logic might be a system that also
                     checks
                     inventory in the supply chain. The point of ATP is to not only enable reliable quotations
                     of the volume of units that can be delivered but also to quote a reliable delivery
                     lead
                     time for any future order date.

                  
               
               
               
               
                  
                  Calculating
                     ATP Given a Projected Negative ATP

                  
                  
                  
                  Note
                     that ATP makes an assumption that ATP from prior periods will be consumed by orders
                     that
                     have not come in yet and so does not treat the ATP from prior periods as an available
                     balance. Here we illustrate an exception to this. Exhibit 4-40 shows an incomplete master
                     schedule for a different product showing a negative value in week 3.

                  
                  
                  
                  
                     Exhibit 4-40: Incomplete ATP Calculations on Master Schedule[image: A table titled "Master Schedule: Make-to-stock Chase Production Example" showing production metrics across multiple weeks. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  The discrete ATP in this example was
                     calculated using the calculation rules for each period as follows:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Week 1: 70 units PAB –
                           48 units of orders = 22 units ATP

                        
                        

                     
                     
                     
                     	
                        
                        
                        Week 2: 100 units MPS –
                           66 units of orders = 34 units ATP

                        
                        

                     
                     
                     
                     	
                        
                        
                        Week 3: 100 units MPS –
                           (57 + 62 units of orders) = –19 units ATP

                        
                        

                     
                     
                     
                     	
                        
                        
                        Week 5: 100 units MPS –
                           (30 + 0 units of orders) = 70 units ATP

                        
                        

                     
                     

                  
                  
                  
                  In week 3, actual orders exceed the MPS.
                     Whenever this occurs, we need to apply an additional rule: Reduce the prior ATP by the amount by which the next ATP would be negative, and then
                        add this amount to the negative ATP field so it is no longer negative.

                  
                  
                  
                  This rule is the only time you access ATP from prior
                     periods. Therefore, 19 units are subtracted from the week 2 ATP and added to the week
                     3
                     ATP. Exhibit 4-41 shows the results of this rule. The scheduling software would automatically
                     calculate this for the master scheduler.

                  
                  
                  
                  
                     Exhibit 4-41: Completed ATP Calculations on Master Schedule[image: A table titled "Master Schedule: Make-to-stock Chase Production Example" showing production metrics across multiple weeks. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Now the week 2 and 3 calculations are as
                     follows:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Week 2: 100 units MPS –
                           66 units of orders – 19 units = 15 units ATP

                        
                        

                     
                     
                     
                     	
                        
                        
                        Week 3: 100 units MPS –
                           (57 + 62 units of orders) + 19 units = 0 units ATP

                        
                        

                     
                     

                  
                  
                  
                  The prior period ATP is reduced because
                     these actual orders are already committed, and the adjustment shows what is actually
                     left
                     over to be promised.

                  
                  
                  
                  A salesperson wanting
                     to make an order promise to a customer in this scenario would use discrete ATP as
                     follows:
                     If the customer wants immediate shipping, the salesperson can promise up to 22 units
                     of
                     this inventory. Even though the PAB is 70 units, 48 of these are committed to customers
                     who already placed their orders. As soon as an order is entered into the system, the
                     system automatically adjusts the customer orders higher and reduces the ATP. If the
                     customer can wait a week, the salesperson can promise up to 15 additional units to
                     be
                     delivered with this longer lead time. If even more are wanted, the customer would
                     need to
                     accept a lead time of five weeks. Alternately, the order could be entered for week
                     4 since
                     the forecast is higher than the current customer orders. However, this will reduce
                     the
                     available-to-promise levels in prior periods, so this might be one way those 22 plus
                     15
                     units are promised. If the order was higher than this sum, it would require a new
                     MPS
                     entry and thus would be subject to master scheduler approval, since it is in the slushy
                     zone and changing the schedule could impact production efficiency. If a new MPS order
                     was
                     placed in week 4, the projected available balance and ATP would also be
                     recalculated.

                  
                  
               
               
               
               
                  
                  Product Delivery By
                     Environment

                  
                  
                  
                  
                  ATP is
                     applied differently to products that are make-to-stock, assemble-to-order, and
                     make-to-order. While make-to-stock fulfills customer orders using inventory, make-
                     and
                     assemble-to-order create production capacity and then satisfy demand using this available
                     capacity. Even make-to-stock environments will do this to some extent, since orders
                     that
                     exceed available inventory will next look to the MPS to determine what is available
                     to be
                     promised to customers. The distinction is that the MPS is just an anticipated build
                     schedule based on demand in the form of forecasts and/or actual customer orders, adjusted
                     by available inventories and safety stocks as well as desired inventories and/or backlog
                     levels. Because the master schedules for the various items must match the production
                     plan
                     totals, there is some assurance that these priority plans are realistic and
                     achievable.

                  
                  
                  
                  The delivery date or order
                     promise date for MTO and MTS production is often negotiated when the order is processed.
                     Either the customer asks when the order can be shipped or the customer specifies a
                     desired
                     shipment date. ATP provides a response to a customer order inquiry based on resource
                     availability. ATP is used to support product delivery in the following ways:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        By providing
                           information on valid customer delivery dates

                        
                        

                     
                     
                     
                     	
                        
                        
                        By holding (or
                           reserving) products for customer order before delivery

                        
                        

                     
                     
                     
                     	
                        
                        
                        By providing
                           warnings on components to prevent over-promising on delivery dates

                        
                        

                     
                     
                     
                     	
                        
                        
                        By providing sales
                           with up-to-date information to manage delivery expectations

                        
                        

                     
                     

                  
                  
                  
                  For MTS, ATP can be used to establish
                     if

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        The product is
                           available at the time of order.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The items can be
                           shipped by the customer’s requested date.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Items are available
                           for a single shipment.

                        
                        

                     
                     

                  
                  
                  
                  For ATO, ATP is used to determine when
                     the order can be promised, based on the specific components that have to be assembled
                     to
                     fulfill the customer request. For MTO, ATP is used to access critical raw materials,
                     components, or capacity before the customer order is promised.

                  
                  
                  
                  Accurate and usable ATP information in critical
                     to customer order promising. Given proper software and mature enough manufacturing
                     planning and control processes, an organization can also promise its available capacity,
                     which is called capable-to-promise (CTP). Further discussion of CTP is beyond the
                     scope of
                     these materials.

                  
                  
               
               

            
            

         
         
   
      
         
         
         
         Maintaining the Master
            Schedule

         
         
         
         
            
            
            Here we look at various fine-tuning
               techniques, which should be viewed as a menu of options from which multiple methods
               might be used together. First we address those techniques that relate to a
               particular manufacturing environment, and then we present some general techniques.
               After that we look at three areas of focus for validating master production schedule
               performance: key performance indicators, indicators of issues or problems, and
               methods and policies used in master scheduling.

            
            

         
         
         
         
         
            
            
            Fine-Tuning Techniques Related to
               Environment

            
            
            
            
               
               
               Fine-tuning master
                  schedule performance is a key way to ensure that manufacturing planning and control
                  (MPC) and the organization’s operations strategy are executed successfully.
                  Techniques for fine-tuning master scheduling in specific manufacturing environments
                  include

               
               
               
               
                  
                  
                  	
                     
                     
                     Changing
                        inventory levels in make-to-stock environments

                     
                     

                  
                  
                  
                  	
                     
                     
                     Balancing
                        backlogs and capacity costs in make- and assemble-to-order
                        environments

                     
                     

                  
                  
                  
                  	
                     
                     
                     Using time
                        fences.

                     
                     

                  
                  

               
               
               
               
                  
                  Changing Inventory Levels in MTS Environments

                  
                  
                  
                  
                  The challenge in master scheduling in a
                     make-to-stock (MTS) manufacturing environment is balancing inventory costs,
                     customer service, and production costs or efficiency. This is done by setting a
                     targeted level for customer service (order fill rates) and working to minimize
                     inventory and production costs to the degree possible at the given level of
                     customer service. Organizations have a number of levers for controlling and
                     adjusting inventory levels to meet their customer service and financial goals,
                     as summarized in Exhibit 4-42. These are
                     influenced by lean manufacturing techniques.

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 4-42: Inventory Levels of MTS Products
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Planning and Coordinating Change
                                       Levers

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Description/Impact

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Use safety stock/safety
                                       time.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Improves customer service but
                                             increases inventory costs.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Does not affect flexibility and
                                             speed.

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Shorten throughput time.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Reduces cycle time (the length
                                             of time from when material enters a production
                                             facility until it exits).

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Shortens replenishment order
                                             lead time.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Reduces inventory costs and
                                             increases flexibility.

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Change stocking strategy.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Converts low-volume, low-margin
                                             products to assemble- or make-to-order.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Standardizes offerings;
                                             eliminates low-volume, low-margin products;
                                             reduces number of master-scheduled items.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Reduces inventory
                                             costs.

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Improve quality.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Increases process
                                             reliability.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Shortens throughput time and
                                             reduces safety stock requirements.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Improves customer service and
                                             profit margins and reduces inventory
                                             costs.

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
                  
                  As seen in the
                     exhibit, faster throughput enables a reduction in replenishment order lead time,
                     which leads to lower finished goods inventory requirements and costs. In
                     combination with other productivity improvements, assemble-to-order might not
                     take much longer than make-to-stock, and it avoids the costs of stocking the
                     wrong product configurations at distribution warehouses.

                  
                  
               
               
               
               
                  
                  Balancing Backlogs and Capacity Costs in MTO and ATO
                     Environments

                  
                  
                  
                  
                  The goal of make-to-order (MTO) and
                     assemble-to-order (ATO) production is to balance backlog levels and capacity
                     costs while providing targeted levels of customer service. In this case,
                     customer service targets will relate to short enough lead times for order
                     promising. (What is “short enough” is partly determined by customer expectations
                     and partly by what is currently feasible.) Another organizational goal related
                     to balancing backlog levels and capacity is efficient use of capacity and
                     resources. Some levers of change that organizations can use to achieve these
                     goals are shown in Exhibit 4-43.

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 4-43: Backlog of MTO and ATO Products
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Planning and
                                       Coordinating Change Levers

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Description/Impact

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Use optimum
                                       production planning method to achieve cost, revenue, and
                                       backlog goals.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Simulates optimal blend of
                                             chase, level, and hybrid strategies.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Optimal balance of production
                                             costs and backlog and customer service
                                             goals.

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Use
                                       synchronous flow and cellular manufacturing.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Shifts from job shop to
                                             cellular process choice.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Shortens throughput time and
                                             decreases work in process.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Increases resource
                                             productivity.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Reduces backlog and improves
                                             customer service.

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Standardize
                                       product offering where possible.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Especially in ATO, reduces
                                             module options and increases number of common
                                             parts.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Reduces number of
                                             master-scheduled products.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Reduces production and
                                             inventory costs.

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Improve
                                       quality.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Increases process
                                             reliability

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Shortens throughput time,
                                             reduces backlog, improves customer service, and
                                             reduces inventory costs.

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
                  
                  As you can see, the
                     higher the backlog level, the longer it takes for an order to be fulfilled,
                     which is why reduction in throughput time has a positive impact on customer
                     service. An increase in customer service, or a decrease in backlog, requires an
                     increase in capacity and also requires a tradeoff that can be analyzed using
                     optimization analysis.

                  
                  
               
               
               
               
                  
                  Using
                     Time Fences in Different Environments

                  
                  
                  
                  
                  Time fences help an organization
                     meet important customer service goals such as perfect order delivery. They are
                     designed to help stabilize order management and the master production
                     schedule.

                  
                  
                  
                  The following reviews
                     time fence policies and how they can best be used to prevent or at least
                     minimize disruptions in different manufacturing environments.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Planning time fence (PTF) (slightly beyond cumulative lead
                           time)

                        
                        
                        
                        
                           
                           
                           	
                              
                              
                              Inside the PTF (slushy zone), orders can be changed, and new
                                 orders are accepted and consume the forecast. Unexpected orders
                                 may have problems with component and capacity
                                 availability.

                              
                              

                           
                           
                           
                           	
                              
                              
                              Orders that exceed the forecast could require rescheduling open
                                 orders and delaying release of planned orders.

                              
                              

                           
                           
                           
                           	
                              
                              
                              Planning software allows the master scheduler to stop orders
                                 just outside the PTF from rolling into the slushy zone to allow
                                 assessment of capacity and materials impact.

                              
                              

                           
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Demand
                              time fence (DTF) (point of no return)

                        
                        
                        
                        
                           
                           
                           	
                              
                              
                              Any change or new order in the frozen zone inside the DTF
                                 disrupts production.

                              
                              

                           
                           
                           
                           	
                              
                              
                              Make-to-order (MTO): The DTF is farther out, since
                                 lead time includes some purchasing as well as subassembly and
                                 assembly lead time.

                              
                              

                           
                           
                           
                           	
                              
                              
                              Assemble-to-order (ATO): The DTF is not as far out, as
                                 subassemblies (modes or options) are in stock.

                              
                              

                           
                           
                           
                           	
                              
                              
                              Make-to-stock (MTS): The DTF is very close. A customer order
                                 triggers shipment from stock.

                              
                              

                           
                           

                        
                        

                     
                     

                  
                  
                  
                  Exhibit 4-44 provides a
                     summary of the types of problems that the demand time fence policy is designed
                     to prevent.

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 4-44: Problems DTF Should Prevent
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Manufacturing
                                       Environment

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Examples of
                                       Consequences Avoided by Adherence to DTF
                                       Policy

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    MTO

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Return or scrapping of
                                             purchased items

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Rework or scrapping of
                                             subassemblies

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Delay in delivery of finished
                                             goods, schedules of other orders, or orders using
                                             the same capacity

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    ATO

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Rework or scrapping of final
                                             assemblies

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Higher costs and shipping
                                             delays

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    MTS

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Rerouting of shipments

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Customer returns

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               

            
            

         
         
         
         
            
            
            General Fine-Tuning Techniques

            
            
            
            
               
               
               General techniques for fine-tuning master
                  scheduling include

               
               
               
               
                  
                  
                  	
                     
                     
                     Establishing
                        criteria for accepting an unexpected new customer order or expediting an
                        existing customer order

                     
                     

                  
                  
                  
                  	
                     
                     
                     Coordinating
                        engineering configuration changes

                     
                     

                  
                  
                  
                  	
                     
                     
                     Maintaining
                        schedule integrity

                     
                     

                  
                  
                  
                  	
                     
                     
                     Understanding
                        the consequences of an unrealistic schedule

                     
                     

                  
                  
                  
                  	
                     
                     
                     Responding
                        proactively to changes in suppliers’ capabilities, availability of materials
                        or parts, timely delivery, and overall performance.

                     
                     

                  
                  

               
               
               
               
                  
                  Establishing Criteria for New/Unexpected Orders or Expediting

                  
                  
                  
                  
                  Fine-tuning the master schedule often involves the
                     weighing of choices. A master scheduler may receive change requests such as
                     “We’d like to reschedule our order” or “We have a major rush order and would
                     like to know if you can fulfill it.” What factors should be considered when
                     deciding if the organization can accommodate such requests?

                  
                  
                  
                  Exhibit 4-45 illustrates the
                     type of issues that have to be considered and who should be involved in the
                     decision-making process.

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 4-45: Requests to Expedite an Order or Schedule a New Order
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                                       Factors
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                                       Consider

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Key Parties
                                       to Involve

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Is capacity
                                       available?

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Is the order within the
                                             planning time fence?

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Will the order overload the
                                             schedule?

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Can another of the same
                                             customer’s orders be rescheduled to offset the new
                                             one?
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                                    How much will
                                       it cost?

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Costs of expediting materials
                                             (by air freight)?

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Cost of overtime?

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Will diversion of resources
                                             from other orders lead to a revenue loss?

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Material management
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                                    Impact on
                                       worker morale and teamwork

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Will morale suffer from the
                                             interruption of a smooth-running system?

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Will efficiency also suffer
                                             from the disruption?

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Sales
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                                    Organization
                                       implications and advantages

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Is the customer strategically
                                             important?

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Is the customer potentially a
                                             strategically important new customer?

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Will additional costs result in
                                             very low profit (and is this marginal profit still
                                             better than unused capacity or other
                                             opportunities)?

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Is the revenue a net
                                             windfall?
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                                          Master scheduler
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                  Coordinating Engineering Configuration Changes

                  
                  
                  
                  
                  It is important for the master
                     scheduler to keep a close watch on any engineering changes, as they can be among
                     the most expensive changes in the organization. An engineering change could
                     involve people from across the organization, including production control, line
                     management, design engineering, manufacturing engineering, and purchasing.

                  
                  
                  
                  The
                     engineering control process is a technique used by the master scheduler to
                     maintain the integrity of the data that feed both into and out of the master
                     production schedule (MPS). Exhibit 4-46 details the key
                     features of the engineering change process, including the use of effectivity
                     dates to help manage the process within MPS.

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 4-46: Engineering Change Process
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                                             before change
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                  Maintaining Schedule Integrity

                  
                  
                  
                  Safety stock and hedges are additional ways to positively
                     impact schedule integrity. These

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Give the
                           master scheduler authority to make tradeoffs that might be necessary to
                           match demand and capacity in the slushy period between the demand time
                           fence (DTF) and the planning time fence (PTF)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Enable the
                           master scheduler to see parts availability or capacity problems

                        
                        

                     
                     
                     
                     	
                        
                        
                        Create a
                           more stable MPS to prevent nervousness in material requirements
                           planning.

                        
                        

                     
                     

                  
                  
                  
                  
                     
                     
                     
                        Safety Stock
                        

                     
                     
                     
                     
                     Safety stock assists the master
                        scheduler and planning software by maintaining schedule integrity. Safety
                        stock can help meet customer service level goals.

                     
                     
                     
                     Exhibit 4-47 displays a
                        master schedule with a safety stock policy of five units. In this example,
                        going below safety stock does not automatically result in an MPS order
                        within the PTF. Instead, the system is providing an action message to the
                        master scheduler. However, the system has automatically rescheduled the
                        planned order in week 10 to week 9 to prevent the projected available
                        balance in week 9 from falling below the safety stock level. This is in line
                        with the policy of allowing master planning software to reschedule orders
                        outside the PTF.

                     
                     
                     
                     
                        Exhibit 4-47: Safety Stock with PTF Decision Rule[image: A table titled "Action message: Reschedule MPS period 6 to period 5?" showing production metrics across multiple periods within different planning zones (Frozen, Slushy, and Liquid). The table includes rows for Forecast, Customer Orders (backlog), Projected Available Balance (PAB), and Master Production Schedule (MPS). Two vertical lines indicate the Demand Time Fence after Period 3 and the Planning Time Fence after Period 8. Go to long description for more details.]
                     
                        Go to long description.
                        

                     
                     
                     
                     
                     Let’s examine the choices
                        related to the action message. What tradeoff might be made? The projected
                        available balance in week 5 has fallen below the required safety stock
                        level, to zero units. An action message suggests moving the MPS in week 6 to
                        week 5. The risk to customer service is marginal, but that risk needs to be
                        weighed against the negative impact on the stability of the MPS and on
                        material requirements planning. Many would argue in favor of stability,
                        because the risk to customer service is relatively low—the forecast still
                        has units yet to be consumed in prior periods. In other cases, the days of
                        supply might not be affected much by allowing a projected use of safety
                        stock.

                     
                     
                  
                  
                  
                     
                     
                     
                        Hedges
                        

                     
                     
                     
                     
                     The ASCM Supply Chain Dictionary defines
                        hedge, and contained within this definition are two related terms, volume
                        hedge and product mix hedge, as follows:

                     
                     
                     
                     
                        
                        Hedge: In master
                           scheduling, a scheduled quantity to protect against uncertainty in
                           demand or supply. The hedge is similar to safety stock, except that a
                           hedge has the dimension of timing as well as amount.

                        
                        Volume hedge: A volume hedge
                           or market hedge is carried at the master schedule or production plan
                           level. The master scheduler plans excess quantities over and above the
                           demand quantities in given periods beyond some time fence such that, if
                           the hedge is not needed, it can be rolled forward before major resources
                           must be committed to produce the hedge and put it in inventory.

                        
                        Product mix hedge: A product
                           mix hedge is an approach where several interrelated optional items are
                           overplanned. Sometimes, using a planning bill, the sum of the percent
                           mix can exceed 100 percent by a defined amount, thus triggering
                           additional hedge planning.

                        

                     
                     
                     
                     A product hedge can be used
                        when options are being planned, as in final assembly scheduling. The product
                        mix percentages may be adjusted and, in total, even exceed the aggregate, or
                        100 percent, forecast to account for individual product mix trends; then the
                        percentages may be readjusted as the demand picture stabilizes or continues
                        to change.

                     
                     
                  
               
               
               
               
                  
                  Understanding the Consequences of an Unrealistic Schedule

                  
                  
                  
                  Two basic rules of master scheduling
                     hold true despite the industry:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        The master
                           production schedule must be realistic.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The master
                           scheduler must fully understand the impact of the MPS on all aspects
                           inside and outside the organization.

                        
                        

                     
                     

                  
                  
                  
                  So, what happens when one or both of
                     these rules are broken? Let’s look at two scheduling mistakes.

                  
                  
                  
                  
                     
                     Overloaded Master Schedule

                     
                     
                     A common mistake is an overloaded
                        master schedule. Most master schedulers will face this issue at some point
                        in their career. The first reaction many schedulers have is to level the
                        load. This usually means moving MPSs in the early weeks to later weeks,
                        thereby shifting the early overload to later periods where there’s more
                        room. This sounds easy, but what is not often taken into consideration is
                        the customer orders that are attached to the MPSs that were just moved out.
                        This raises the question of which customer orders will be re-promised. It is
                        also necessary to determine who has the responsibility for notifying the
                        customer and to prompt this person to do so as needed.

                     
                     
                     There are three techniques for
                        dealing with an overloaded master schedule:

                     
                     
                     
                     
                        
                        	
                           
                           
                           
                              
                                 The five whys.
                                 
                              This
                                 is an iterative question-asking approach used to explore
                                 cause-and-effect relationships and get at the underlying cause
                                 of a problem.
                              

                           
                           

                        
                        
                        	
                           
                           
                           
                              
                                 Managing output.
                                 
                              This
                                 technique reduces the master schedule to demonstrated output and
                                 then slowly increases it to grow capacity. The gradual rise will
                                 draw attention to capacity constraints such as labor,
                                 bottlenecks, delivery issues, etc.
                              

                           
                           

                        
                        
                        	
                           
                           
                           
                              
                                 Level adjustments.
                                 
                              One
                                 hundred percent manufacturing facility utilization and labor
                                 efficiency is not realistic for most organizations. This
                                 technique adjusts the level of the master schedule to the
                                 capacity actually demonstrated and encourages incremental
                                 increases in output. Each month shows a slight increase to
                                 gradually raise the bar.
                              

                           
                           

                        

                     
                  
                  
                  
                     
                     
                     
                        
                        Wrong Planning Horizon
                        

                     
                     
                     
                     To obtain good planning results, the
                        master production schedule must have the proper planning horizon. If the
                        horizon is too long, the organization may have inaccurate numbers due to
                        fluctuations in demand. If the horizon is too short, purchase orders will
                        generally have to be placed in less-than-normal lead time. A balance is
                        needed. Overall, it is important to keep in mind that the S&OP planning
                        horizon needs to take into consideration all supply-demand lead times. It
                        must consider those items that are
                        production-based.

                     
                     
                  
               
               
               
               
                  
                  Responding Proactively to Changes

                  
                  Supply- and supplier-related
                     issues can have a considerable effect on the master schedule. In today’s
                     manufacturing environment, manufacturers and their suppliers both want to
                     operate with low inventory levels and costs while maintaining high levels of
                     schedule adherence. Timely sharing of information and business needs with
                     responsive suppliers is critical to this objective and is particularly critical
                     to master scheduling.

                  
                  
                  The
                     delivery of materials from suppliers is a vital link in the success of the
                     master scheduling process. The master production schedule assumes the
                     following:

                  
                  
                  
                     
                     	
                        
                        Materials
                           of the right quantity and quality will be on hand when work orders are
                           released by production control.

                        

                     
                     
                     	
                        
                        The
                           supplier’s capacity and ability to deliver are as stated in current lot
                           size and lead time information.

                        

                     
                     
                     	
                        
                        Suppliers
                           are able to react to production control requests or notices to correct
                           parts shortages or to reschedule deliveries because of slippages in the
                           schedule.

                        

                     

                  
                  
                  Actions necessary to manage
                     supply- and supplier-related issues that affect the success of master scheduling
                     include the following:

                  
                  
                  
                  
                     
                     	
                        
                        
                        
                           
                              Changes in supplier delivery capabilities.
                              
                           Monitor
                              variability in supplier capacity and adjust lead times and lot sizes
                              as necessary. Carry safety stock as necessary.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Availability of parts during shop floor execution.
                              
                           Communicate status of materials information to suppliers (for
                              example, by material requirements planning exception reports and
                              action messages) to prevent shortages.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Slippages in production schedules.
                              
                           Communicate schedule requirements and changes effectively by
                              sharing the master schedule with suppliers. For example, faxing or
                              emailing purchase-order change actions enables suppliers to react to
                              but not see the manufacturer’s internal scheduling constraints.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Supplier performance.
                              
                           Execute
                              effective supplier selection and collaboration processes.
                           

                        
                        

                     

                  
                  
                  Sharing the MPS information with
                     suppliers is important, because it enables suppliers to anticipate and not just
                     react to the supply needs of their customers.

                  
                  
                  In many cases, organizations engage each of the techniques
                     described above at different levels of specificity. Note that not all the
                     techniques reviewed are equally advantageous for all environments. The ultimate
                     goal for the organization is to synchronize operations and become more effective
                     and efficient.

                  
               
               

            
            

         
         
         
         
            
            
            Master Scheduling Performance

            
            
            
            
               
               
               Here we discuss how to measure and control performance for
                  the master scheduling process, including key performance indicators (KPIs) to use,
                  problem indicators (red flags) to look out for, and the role of policy and
                  procedure.

               
               
               
               
                  
                  KPIs
                     for Master Scheduling

                  
                  Measurements are the
                     feedback loop to both performance and improvement in general. The master
                     production schedule (MPS) is one of the most important processes in
                     manufacturing planning and control, and therefore it should be subject to robust
                     measurements to drive performance and improvement. Two main performance
                     measurements related to master scheduling from a supply-side perspective are
                     customer service (on-time delivery) and the aggregate production plan
                     (achievement of the plan approved through sales and operations planning). From a
                     revenue plan perspective, sales and marketing will also be held accountable for
                     meeting the sales plan.

                  
                  
                  
                  High
                     levels of customer satisfaction generally are a good indicator of successful
                     master scheduling. It is important to focus on the factors that contribute to
                     excellent master scheduling performance and eventually the excellent service
                     that customers experience. These factors also influence how well master
                     scheduling supports the business plan in terms of revenue and inventory
                     goals.

                  
                  
                  The
                     following is a select list of key performance indicators that ultimately define
                     customer service and satisfaction. The measures are in four groups and focus on
                     internal performance, external impact on customers, and financial
                     performance.

                  
                  
                  
                     
                     	
                        
                        MPS
                           aggregate performance

                        
                        
                        
                           
                           	
                              
                              Variance of the sum of MPSs from the production plan by product
                                 family; detail by product family to facilitate identification of
                                 problem areas

                              

                           
                           
                           	
                              
                              Variance of rough-cut capacity planning from the resource plan
                                 at the S&OP level

                              

                           
                           
                           	
                              
                              Variance of the master schedule from the financial plan or
                                 budget

                              

                           

                        

                     
                     
                     	
                        
                        MPS
                           stability

                        
                        
                        
                           
                           	
                              
                              Percentage of MPS orders that change

                              

                           
                           
                           	
                              
                              Percentage of orders past due

                              

                           

                        

                     
                     
                     	
                        
                        MPS lead
                           time

                        
                        
                        
                           
                           	
                              
                              Percentage of planned orders that violate time fence
                                 rules

                              

                           
                           
                           	
                              
                              Reduction in customer lead times over a period of time

                              

                           

                        

                     
                     
                     	
                        
                        MPS
                           execution

                        
                        
                        
                           
                           	
                              
                              Percentage of perfect orders

                              

                           
                           
                           	
                              
                              Line-item fill-rate percentage

                              

                           

                        

                     

                  
               
               
               
               
                  
                  Problem Indicators

                  
                  Knowing
                     what can go wrong in master scheduling helps to establish a system of
                     performance improvements and measures. This category addresses symptoms of
                     chronic or emerging problems that should be detected because they raise red
                     flags. Once detected, they need to be corrected.

                  
                  
                  A representative list could include the following:

                  
                  
                  
                  
                     
                     	
                        
                        
                        
                           
                              Unreliable delivery promises.
                              
                           These create
                              credibility problems among customers. Causes
                              include unrealistic delivery promises and poor
                              communication between sales and master
                              scheduling.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Persistent past-due orders.
                              
                           Past-due
                              orders are a symptom of overloaded master
                              production schedules and inadequate capacity
                              planning.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Excess inventory.
                              
                           Excess
                              inventory can result from inaccurate forecasts,
                              but it could instead indicate that the master
                              scheduler does not have a good handle on a
                              changing business (e.g., poor or nonexistent
                              S&OP, faulty assumptions).
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              High rate of schedule changes.
                              
                           These are
                              symptomatic of the absence of time fence policies
                              and poor anticipation of customer needs.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Top management intervention.
                              
                           Top
                              management intervention is a sign of a lack of
                              master scheduling discipline and undermines the
                              schedule.
                           

                        
                        

                     

                  
                  
                  It is important to note that
                     these problems might not be fully attributable to master scheduling. Schedule
                     execution issues also contribute to master scheduling problems.

                  
               
               
               
               
                  
                  Key
                     Policies and Procedures

                  
                  
                  
                  
                  Key policies
                     and procedures are important in setting performance expectations. The following
                     are some of the more significant ones:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        The role
                           of the master scheduler is clearly defined, and his or her
                           decision-making authority is clearly understood.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The role
                           of master scheduling in disaggregating the production plan is clearly
                           understood and carried out.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Senior
                           management has a collaborative approach to solving scheduling conflicts
                           among production, sales and marketing, finance, and the master
                           scheduler.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Time
                           fences are used to manage changes to the master schedule, especially to
                           control the number of schedule changes. This translates to stable
                           component schedules and adherence to order promise dates.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Lot size,
                           safety stock, lead time, forecast consumption, forecast revisions,
                           control of the master production schedule using firm planned orders, and
                           other planning procedures are clearly defined and updated.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Rough-cut
                           capacity planning and advanced planning and scheduling procedures are in
                           place.

                        
                        

                     
                     

                  
                  
               
               

            
            

         
         
   
      
         
         
         
         Section C: Material Requirements
            Planning

         
         
         
         
            
            
            
               After
                  completing this section, students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Describe the
                     treatment of service parts in MRP systems

                  
                  

               
               
               
               	
                  
                  
                  Describe the
                     manufacturing environment conditions under which MRP is favored for material
                     planning

                  
                  

               
               
               
               	
                  
                  
                  Understand how MRP
                     can help lean systems provide visibility to suppliers or help with
                     longer-term planning.

                  
                  

               
               
               
               	
                  
                  
                  Design MRP planning
                     horizons and time buckets or use of bucketless systems

                  
                  

               
               
               
               	
                  
                  
                  Describe MRP
                     inputs (e.g., inventory data, master production schedule, planning factors,
                     bill of materials)

                  
                  

               
               
               
               	
                  
                  
                  Incorporate
                     engineering data into the product structure

                  
                  

               
               
               
               	
                  
                  
                  Describe the use
                     of where-used and pegging reports in the MRP process

                  
                  

               
               
               
               	
                  
                  
                  Describe how MRP
                     uses various bills of material (BOMs)

                  
                  

               
               
               
               	
                  
                  
                  List examples of
                     planning factors that affect material planning

                  
                  

               
               
               
               	
                  
                  
                  Explain the
                     importance of an effective item numbering system

                  
                  

               
               
               
               	
                  
                  
                  Distinguish
                     between significant and non-significant item numbering systems

                  
                  

               
               
               
               	
                  
                  
                  Describe MRP
                     outputs (e.g., planned order releases, action messages)

                  
                  

               
               
               
               	
                  
                  
                  Maintain MRP using
                     regeneration or net change

                  
                  

               
               
               
               	
                  
                  
                  Define the
                     elements of the MRP grid (e.g., gross requirements, scheduled
                     receipts)

                  
                  

               
               
               
               	
                  
                  
                  Describe MRP
                     planning logic, including BOM explosions, low-level coding, offsetting lead
                     time, and gross to net requirements

                  
                  

               
               
               
               	
                  
                  
                  Provide
                     examples of metrics used to evaluate MRP performance.

                  
                  

               
               

            
            
            
            Here we focus on material requirements
               planning, including its process, its major features, and its use in material
               planning. This includes actions taken to maintain the priority plan and to improve
               the MRP process. The section covers the following:

            
            
            
            
               
               
               	
                  
                  
                  How MRP differs
                     based on manufacturing environment and MRP system choices

                  
                  

               
               
               
               	
                  
                  
                  Designing the MRP
                     system and key factors that affect system design (e.g., processing
                     frequency, reporting requirements)

                  
                  

               
               
               
               	
                  
                  
                  MRP inputs needed
                     to run the MRP process and outputs such as action alerts

                  
                  

               
               
               
               	
                  
                  
                  Using MRP, walking
                     through the automated process behind the MRP grid

                  
                  

               
               
               
               	
                  
                  
                  Maintaining and
                     evaluating MRP, including problem-solving approaches and metrics used to
                     assess MRP performance and continuously improve the system

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         MRP
            Road Map and Design

         
         
         
         
            
            
            Here we define
               material requirements planning (MRP), place it in context, and describe
               its purposes and uses. We discuss how MRP can be used to complement
               lean manufacturing systems for proactive planning. Then we focus
               on the design of key MRP parameters that affect the system’s operation,
               including the planning horizon, time buckets, and replanning frequency.

            
            

         
         
         
         
         
            
            
            MRP Road Map

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary defines material requirements planning (MRP) as
                  follows:

               
               
               
               
                  
                  A
                     set of techniques that uses bill of material data, inventory data,
                     and the master production schedule (MPS) to calculate requirements
                     for materials. It makes recommendations to release replenishment
                     orders for material. Further, because it is time-phased, it makes
                     recommendations to reschedule open orders when due dates and need
                     dates are not in phase.

                  
                  Time-phased
                     MRP begins with the items listed on the MPS and determines (1) the quantity
                     of all components and materials required to fabricate those items
                     and (2) the date that the components and material are required.
                     Time-phased MRP is accomplished by exploding the bill of material,
                     adjusting for inventory quantities on hand or on order, and offsetting
                     the net requirements by the appropriate lead times.

                  

               
               
               
               The basic function
                  of MRP is to transform independent (forecasted) demand into dependent
                  (calculated) demand.

               
               
               
               
                  
                  Objectives of MRP

                  
                  
                  
                  What does MRP need
                     to accomplish to be considered successful? Any MRP system will need
                     to enable both planning and control.

                  
                  
                  
                  First, MRP systems need to determine material
                     requirements precisely in terms of what, how much, and when. This
                     includes determining specific quantities to pull from inventory
                     versus what to order, when to order it, and when to schedule delivery.

                  
                  
                  
                  Second, since real
                     systems are dynamic rather than static, MRP must adapt to changing
                     priorities. This involves keeping priorities current as well as
                     enabling planners to control those priorities. Keeping priorities
                     current means that if quantities or due dates change in the master
                     production schedule due to changes in supply or demand, if errors
                     are discovered, or if there are problems with execution such as equipment
                     failure or late deliveries, the MRP system will be able to update
                     the myriad details related to the change in a reasonable amount
                     of time. Controlling priorities means that planners should have
                     the ability to expedite or de-expedite orders (move them up or back
                     in priority) and add, change, and cancel orders as needed.

                  
                  
               
               
               
               
                  
                  MRP Interfaces and Functions

                  
                  
                     Exhibit 4-48: Manufacturing Planning and Control[image: This diagram represents the integration of demand-side activities, strategic and business planning, priority planning, supply-side activities, and production activity control in a manufacturing environment. Go to long description for more details.]
                  Go to long description.

                  
                  
                  
                  Note
                     how MRP is the final step in priority planning, as shown in Exhibit 4-48.
                     The functions of MRP are to

                  
                  
                  
                     
                     	
                        
                        Plan and control inventories, including
                           what must be ordered, in what quantities, and in what time frame
                           (the order due date).

                        

                     
                     
                     	
                        
                        Plan and control order releases to ensure
                           that delivery due dates are met and to maintain validity of due
                           dates.

                        

                     
                     
                     	
                        
                        Provide accurate input regarding planned
                           orders for the capacity planning process.

                        

                     

                  
                  
                  This allows an
                     organization using MRP to

                  
                  
                  
                     
                     	
                        
                        Ensure the availability of materials/components
                           for production and finished goods for customers. This increases
                           customer service and revenue and decreases costs associated with
                           changeovers.

                        

                     
                     
                     	
                        
                        Reduce inventory by phasing itemized inventory
                           with production needs. Lower inventory costs enable the organization
                           to invest in other activities, including lowering prices and improving
                           competitiveness.

                        

                     

                  
                  
                  
                  As the definition of MRP stated, another
                     major function of the MRP system is to manage shifting priorities
                     that result from the inevitable changes in demand and supply and
                     manufacturing conditions. Forecasts may change. Delivery dates to customers
                     may be advanced. Mistakes in orders may be discovered. Suppliers
                     may be late or may not deliver sufficient quantities. Scrap rates
                     may vary from expectations. The MRP system must be able to create
                     and maintain a current component priority plan that supports the
                     requirements of the MPS.

                  
               
               
               
               
                  
                  MRP
                     and Dependent Demand

                  
                  MRP is
                     used with dependent demand rather than independent demand. The requirements
                     for items with independent demand are established through master scheduling.
                     For example, the inventory of the fast fashion retailer has primarily independent
                     demand, since clothing is a finished good. Dependent demand items
                     such as fabric are used in the production of finished items. The
                     amount of inventory depends on the requirements of the finished
                     item design (its bill of materials) and the number of finished items
                     ordered.

                  
                  
                  Some items
                     will have both dependent and independent demand. Service or replacement
                     parts are key examples. In this case, the MRP system is used to
                     schedule production for both types of demand.

                  
                  
                  Note also that
                     the nature of demand for dependent items can vary. In industries
                     such as petroleum refining, demand is constant and relatively stable.
                     In an auto manufacturing plant, demand is intermittent for various
                     models, and supply will likewise be intermittent since various models
                     can be run on the same line. Demand for these models is therefore
                     intermittent or “lumpy.” Some industries and items may have lumpier
                     demand than others, and inventory declines in steps that are irregular
                     in interval and quantity.

                  
               
               
               
               
                  
                  MRP
                     in Push Versus Pull Systems

                  
                  
                  
                  
                  MRP is more commonly used
                     in certain manufacturing environments—primarily those with push
                     rather than pull systems and with dependent demand rather than independent
                     demand.

                  
                  
                  
                  From a material
                     control standpoint, a push system is defined as when material is issued
                     “according to a given schedule or issuing material to a job order
                     at its start time.” In contrast, in a pull system, material is withdrawn
                     from inventory “as demanded by the using operations. Material is
                     not issued until a signal comes from the user.” (Definitions are
                     excerpts from the ASCM Supply Chain Dictionary.)
                     An example of this is the kanban system used in lean.

                  
                  
               
               
               
               
                  
                  MRP in Pull Systems

                  
                  A common misconception is that
                     if an organization adopts lean manufacturing principles, which is
                     a pull system, it would then abandon master scheduling and material
                     requirements planning, which are primarily push systems. Lean still
                     needs a master schedule, and, while it is true that MRP is no longer
                     used to schedule production of dependent demand items on a daily
                     basis, MRP systems are still often necessary to provide forward
                     visibility to suppliers and for internal planning purposes. Lean
                     often still relies on MRP to plan longer-term elements such as capacity (e.g.,
                     labor staffing). This information on capacity would otherwise be
                     lacking in a lean system.

                  
                  
                  Lean systems react only to demand signals,
                     but they react quickly by design, which reduces lead times. Responding
                     to actual demand prevents producing things that are not truly in
                     demand, and this decreases inventory levels, but a reactive system
                     will still need some method of planning for engineering or product
                     configuration/bill-of-material changes, which MRP can do. MRP systems
                     can also complement lean by planning complex products with variable
                     demand. MRP can be used to provide sufficient notice to suppliers
                     to ensure that they have sufficient capacity to make the required
                     components when the demand signals occur. The MRP system then is
                     used to translate the master schedule into longer-term demand for
                     various components that will likely be needed.

                  
                  
                  
                  Another use of MRP in lean
                     manufacturing is for lot or item tracking. Many end items require
                     a chain of custody to be established, such as for proof that a certain percentage
                     of components were made in a particular country or for health and
                     safety data such as on pharmaceuticals tracked by lot. Without an
                     MRP system, a lean system would have much more difficulty tracking
                     which components went into which end items. The MRP system can serve
                     as a data management tool to track the origins of parts placed in
                     a lean system’s supermarket inventory system.

                  
                  
                  In
                     some cases, MRP-based systems may incorporate some features from
                     lean. For example, today’s enterprise resources planning (ERP) systems
                     have begun to incorporate and apply the best features of both methods.
                     Many ERP systems have repurposed MRP functionality to respond to
                     pull signals from the shop floor. This ERP functionality has the
                     following attributes:

                  
                  
                  
                     
                     	
                        
                        Order point logic that responds to downstream
                           demand signals to release material

                        

                     
                     
                     	
                        
                        Lot-size calculator that determines kanban
                           quantities based on processing variables such as scrap, setup, and
                           run time per unit

                        

                     
                     
                     	
                        
                        Shop floor data collection based on bar
                           coding of material into and out of workstations to determine work-in-process
                           and electronic reporting of the “up” status of workstations and
                           demand for materials to the ERP system

                        

                     
                     
                     	
                        
                        Portals that enable suppliers to upload
                           planning parameter data, such as lead time, scrap, and production
                           status data

                        

                     

                  
               
               

            
            

         
         
         
         
            
            
            MRP Design

            
            
            
            
               
               
               Material requirements planning (MRP)
                  design choices include what the planning horizon should be and whether to use a
                  bucketed or bucketless system.

               
               
               
               
                  
                  MRP
                     Planning Horizon

                  
                  
                  
                  
                  It is assumed that
                     when an item is scheduled in the master production schedule (MPS), it is placed
                     in a time bucket that is as far out into the future as the cumulative lead time
                     for the end item. This enables MRP to plan the release and receipt of all
                     purchased and assembled components in time for the final assembly to be
                     completed by the required planned order receipt date.

                  
                  
                  
                  As in master scheduling, the MRP
                     planning horizon should be at least as long as the cumulative lead time of the
                     end item being planned. In fact, planners like to see planned orders just beyond
                     the planning time fence to monitor future requirements.

                  
                  
                  
                  
                     
                     
                     
                        Bills of Material and Multilevel Time-Phased
                           Requirements
                        

                     
                     
                     
                     
                     Overly long planning
                        horizons are a problem as they can result in plans that lack stability. The
                        further we go into the future, the more we encounter unexpected events that
                        force changes to the material plan. Forecasts also become more and more
                        inaccurate the longer the time frame. Therefore, every effort should be made
                        to reduce component lead times to result in the shortest feasible planning
                        horizon.

                     
                     
                     
                     MRP must reflect
                        the realistic lead time for all components. Multilevel bills of material
                        list all the components that make a product along with their quantities as
                        well as the lower level(s) of subcomponents. With multilevel bills, an
                        MPS-scheduled item that has an insufficient planning horizon can result in
                        some adverse consequences:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           When
                              bills of material are exploded, the impact of the unrealistically
                              short planning horizon is felt most at the lowest level. The
                              available lead time will be less than the required lead-time offset.
                              Expediting, which drives up costs, will be necessary.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Unrealistically short planning horizons may prevent companies from
                              taking advantage of economic lot sizes.

                           
                           

                        
                        

                     
                     
                     
                  
               
               
               
               
                  
                  Bucketed MRP Systems

                  
                  
                  
                  
                  MRP summarizes a
                     number of days of data in time buckets. In most industries, these buckets
                     reflect days or weeks. There may be a mix of different lengths to permit both
                     short- and long-term planning. For example, the buckets may be daily for the
                     first few weeks, weekly for the next few months, and monthly for the final
                     months of the planning horizon. A service environment such as a restaurant could
                     even have more detailed buckets at the short-term end, such as buckets that help
                     differentiate requirements for breakfast, lunch, and dinner
                     periods.

                  
                  
               
               
               
               
                  
                  Bucketless MRP
                     Systems

                  
                  Bucketless MRP systems are
                     actually far more commonly used than bucketed systems. In bucketless MRP, the
                     planning bucket is one day and only days with associated events are displayed.
                     The system will process and display demand and planned order quantities by date
                     rather than by longer buckets of time. Only dates that contain relevant
                     information are shown. (Days where no events occur are omitted from the
                     display.) If a specific action is required, the system specifies the exact date
                     rather than just listing the week in which it needs to be done. This decreases
                     some of the problems caused by timing and allows more precise maintenance of
                     timing (e.g., lead times). In this way, it enables more accurate time phasing of
                     activities. For these reasons, bucketless MRP systems are more popular than
                     bucketed MRP systems, but bucketed systems are still a good tool to use in
                     learning the logic of MRP, since the logic is the same in either case.

                  
                  
                  In Exhibit 4-49 below, you can
                     see an example of a bucketless system for part number 12345. Here we can see
                     that the MRP grid omits June 2, as there are no actions scheduled for that day.
                     All other actions are given their own row in the grid.

                  
                  
                  
                     Exhibit 4-49: Bucketless MRP Example[image: A table displaying inventory transactions for Part Number 12345 over several days in June, showing Forecasts, Customer Orders, MPS Receipts, and Planned MPS Receipts along with quantities and Projected Available Balance (PAB). Go to long description for more details.]
                  Go to long description.

                  
                  
                  
               
               

            
            

         
         
   
      
         
         
         
         MRP
            Inputs, Process, and Outputs

         
         
         
         
            
            
            Here we address the
               inputs, process, and outputs of material requirements planning.

            
            

         
         
         
         
         
            
            
            MRP Inputs, Process, and Outputs
               Road Map

            
            
            
            
               
               
               Because
                  of the complex interactions of dependent inventory items and the
                  dynamic nature of inventory levels, material requirements planning
                  (MRP) is implemented through software, either stand-alone applications
                  or processes integrated into enterprise resources planning (ERP)
                  applications. This content aims at helping you understand what is
                  happening in the background of such automated systems. Understanding
                  how the system works, even if many things are automated, may help, for
                  example, when tracking down the root cause of an error.

               
               
               
               Exhibit 4-50 shows
                  MRP as a process with inputs and outputs. In planning, MRP looks for
                  data that will identify what to order (the parts indicated in the
                  bills of material), how much to order (rules in the planning factors),
                  and when to release the order and schedule receipt (the master production
                  schedule and lead time data—part of the planning factors).

               
               
               
               
                  Exhibit 4-50: MRP Inputs and Outputs[image: Diagram showing the process of Material Requirements Planning (MRP). On the left side, under "Input," there are four items listed: Master production schedule, Bills of material, Inventory data, and Planning factors. In the center, there is a circle labeled "Material requirements planning" with arrows pointing from "Input" to the circle and from the circle to "Output." On the right side, under "Output," there are three items listed: Schedule of planned production order releases, Action messages, and Schedule of planned purchase order releases.]
               
               
               
               
               The master production
                  schedule (MPS) is the key input to MRP. The MPS is a line on the
                  master schedule that reflects the anticipated build of finished
                  goods across a number of periods (the planning horizon). It results
                  from the alignment of organizational strategy, demand forecasts,
                  production plans, material and capacity availability, and existing
                  inventory. It contributes to MRP time-phased gross requirements
                  across the planning periods.

               
               
               
               MRP outputs include
                  planned orders for purchased items or production orders and action
                  messages. Note that MRP and ERP systems can vary, and the system
                  you are familiar with may do these tasks in different ways.

               
               
               
               
                  
                  Inputs

                  
                  MRP requires a
                     broad range of input data, as shown in Exhibit 4-51.

                  
                  
                  
                     
                     
                     
                        
                        
                           
                           Exhibit 4-51: Data Requirements for MRP
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    MRP Data Requirements

                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                       
                                       	
                                          
                                          Item number

                                          

                                       
                                       
                                       	
                                          
                                          Item description

                                          

                                       
                                       
                                       	
                                          
                                          Stock locations

                                          

                                       
                                       
                                       	
                                          
                                          On-hand balances at each location

                                          

                                       
                                       
                                       	
                                          
                                          On-order information by due date

                                          

                                       
                                       
                                       	
                                          
                                          Reorder and safety stock information

                                          

                                       

                                    
                                 
                                 
                                 	
                                    
                                    
                                       
                                       	
                                          
                                          Usage

                                          

                                       
                                       
                                       	
                                          
                                          Unit of measure

                                          

                                       
                                       
                                       	
                                          
                                          Classification information (i.e., ABC)

                                          

                                       
                                       
                                       	
                                          
                                          Source code

                                          

                                       
                                       
                                       	
                                          
                                          Lead time

                                          

                                       

                                    
                                 

                              
                           

                        

                     

                  
                  Bills
                     of material, planning factors, and inventory data are sources for
                     the inputs in the above exhibit. The inventory data input is split
                     into planning factors (static information that changes rarely) and
                     inventory status (dynamic information that is updated after any
                     related transaction occurs). Exhibit 4-52 shows
                     the MPS as the primary input plus these other inputs. In addition
                     to a description, the exhibit indicates where these records might
                     be found.

                  
                  
                  
                     
                     
                     
                        
                        
                           
                           Exhibit 4-52: Inputs to Material Requirements Planning
                           
                           
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    Input

                                    
                                 
                                 
                                 	
                                    
                                    Description

                                    
                                 
                                 
                                 	
                                    
                                    Source

                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    Master
                                       production schedule

                                    
                                 
                                 
                                 	
                                    
                                    End-item
                                       quantities and due dates in the form of planned and scheduled orders

                                    
                                 
                                 
                                 	
                                    
                                    Master
                                       schedule

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Bills
                                       of material

                                    
                                 
                                 
                                 	
                                    
                                    Specific
                                       quantity of each uniquely identified part required to make one item

                                    
                                 
                                 
                                 	
                                    
                                    Product
                                       structure file

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Planning
                                       factors

                                    
                                 
                                 
                                 	
                                    
                                    Static
                                       inventory data:

                                    
                                    
                                    
                                       
                                       	
                                          
                                          Lot size

                                          

                                       
                                       
                                       	
                                          
                                          Lead
                                             time

                                          

                                       
                                       
                                       	
                                          
                                          Yield
                                             and scrap factors

                                          

                                       
                                       
                                       	
                                          
                                          Safety
                                             stock level

                                          

                                       

                                    
                                 
                                 
                                 	
                                    
                                    Inventory
                                       records: item master file

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Inventory
                                       status

                                    
                                 
                                 
                                 	
                                    
                                    Dynamic
                                       inventory data for components and end items:

                                    
                                    
                                    
                                       
                                       	
                                          
                                          On hand

                                          

                                       
                                       
                                       	
                                          
                                          Allocated

                                          

                                       
                                       
                                       	
                                          
                                          On
                                             order (and due date)

                                          

                                       

                                    
                                 
                                 
                                 	
                                    
                                    Inventory
                                       records: inventory record file

                                    
                                 

                              
                           

                        

                     

                  
                  
                  In
                     addition to these primary sources of input, MRP systems may also
                     accept independent demand orders for things such as spare parts.
                     While the primary purpose of MRP is to calculate dependent demand,
                     when there is independent demand for the same components already
                     being scheduled, this is also handled by MRP.

                  
               
               
               
               
                  
                  Process
                     and Outputs

                  
                  
                  
                  MRP
                     takes the end-item due dates and quantities from the master production schedule
                     and the other inputs just discussed and creates a time-phased priority
                     plan for the component parts. This plan proposes order release dates
                     and the corresponding order receipt dates for purchasing and production.
                     The plan also schedules final assembly operations.

                  
                  
                  
                  This priority plan
                     takes the form of net requirements (requirements after accounting for
                     what is already in inventory), planned order receipts (due dates
                     for components), and planned order releases (when the component
                     needs to be ordered or production started based on its lead time).

                  
                  
                  
                  These outputs become
                     inputs to purchasing and production activity control (PAC). While
                     the release and receipt dates for orders are provided as inputs,
                     purchasing and PAC managers will determine how to implement and
                     control these orders. When purchasing professionals decide to release
                     planned orders, it results in sending purchase orders to suppliers.
                     When PAC professionals decide to release planned orders, it results
                     in sending manufacturing orders (also called shop orders or open shop
                     orders) to the factory.

                  
                  
                  
                  Now
                     let’s look at the MRP inputs, process, and outputs in more detail.

                  
                  
                  
               
               

            
            

         
         
         
         
            
            
            MRP Inputs: Bills of Material (and
               Product Structure)

            
            
            
            
               
               
               Material requirements
                  planning (MRP) must calculate the requirements for each item in
                  a product in a time-phased manner—in other words, when it will be
                  used in the manufacturing process. This information is provided
                  by the bill of material (BOM) and/or the product structure. These
                  documents get most of their data from the underlying engineering
                  data.

               
               
               
               The ASCM Supply Chain Dictionary defines
                  a bill of material (BOM) in
                  part as follows:

               
               
               
               
                  
                  A
                     listing of all the subassemblies, intermediates, parts, and raw
                     materials that go into a parent assembly as well as the quantity
                     of each item required to make an assembly. It is used in conjunction
                     with the master production schedule to determine the items for which
                     purchase requisitions and production orders must be released. A
                     variety of display formats exists for bills of material, including
                     the single-level bill of material, indented bill of material, [and]
                     modular (planning) bill of material.

                  

               
               
               
               Bills of material
                  are among the most crucial documents in manufacturing organizations
                  simply because of the extraordinary logistical complexity required
                  to orchestrate the flow of materials in making a product. Setting
                  up bills of material correctly and keeping them up to date will
                  go a long way toward making this difficult task appear easy and
                  seamless.

               
               
               
               Note that planning
                  BOMs (listed at the end of this definition) are used at the master scheduling
                  level because they serve as a bridge between the MPS and the actual
                  bills for specific modules, components, and raw materials for ATO/MTO
                  products. Once the actual orders are received, specific BOMs will
                  be substituted.

               
               
               
               BOM accuracy and
                  detail is possibly even more important than inventory balance integrity.
                  If the bill of material has the wrong components, the cost of rework
                  and delays can be extensive. The BOM is impacted by the item record
                  or item master record. The ASCM Supply Chain Dictionary defines
                  the item record as follows:

               
               
               
               
                  
                  The master record
                     for an item. Typically, it contains identifying and descriptive
                     data and control values (lead times, lot sizes, etc.) and it may
                     contain data on inventory status, requirements, planned orders,
                     and costs. Item records are linked by bill-of-material records (or
                     product structure records), thus defining the bill of material.

                  

               
               
               
               Because one of
                  the primary functions of the BOM is to ensure that the product is
                  built right, it is important to include specific pieces of product-related
                  data in the BOM. The following are examples of the data that should
                  be included.

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           BOM level.
                           
                        Link each
                           part or assembly to a number to detail where it fits within the
                           hierarchy of the BOM. This allows any employee with a basic
                           understanding of the BOM structure to be able to quickly decipher the
                           BOM.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Part number.
                           
                        Record the
                           part number of each part or assembly in order to reference and identify
                           the parts quickly.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Part name.
                           
                        Record the
                           unique name of each part or assembly. This will help employees identify
                           the parts more easily.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Description.
                           
                        Provide a
                           detailed description of each part that will help employees distinguish
                           between similar parts and identify specific parts more easily.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Quantity.
                           
                        Record the
                           number of parts to be used in each assembly or subassembly to help guide
                           purchasing and manufacturing decisions and activities.
                        

                     
                     

                  
                  

               
               
               
               Note that the
                  part name and description are all part of the item master and are
                  not created at the time the BOM is developed. This information is
                  pulled to the BOM from the data files.

               
               
               
               Some concepts related
                  to all types of bills are discussed next.

               
               
               
               
                  
                  Translating Engineering Data into BOMs/Product
                     Structure

                  
                  
                  
                  
                  Engineering
                     data includes a full description and drawings of the product, its components,
                     tolerances, material requirements, and finishes. These data will
                     provide a summarized parts list that includes all the parts required
                     to manufacture one unit of the product. This summary, however, does
                     not show the relationships and groupings within the parts or the
                     order in which an end product will be produced. In other words,
                     this wealth of information is not in a format that is easy to interpret
                     for manufacturing or purchasing, so the key data need to be translated
                     into a multilevel BOM and/or a product structure. Engineering data
                     and drawings may provide information on

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Part
                           interdependencies (parent/child relationships)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Estimated
                           or standard production lead times

                        
                        

                     
                     
                     
                     	
                        
                        
                        Engineering
                           changes.

                        
                        

                     
                     

                  
                  
                  
                  A
                     BOM or product structure includes effectivity dates, both “from”
                     and “to,” to indicate when the information is valid. This allows
                     engineering changes to be proactively scheduled. The MRP notes these
                     dates and plans accordingly. In the event that a BOM is changed—for
                     example, a new component with a new number is introduced—an engineering
                     change notice can alert the MRP when to shift from the old part
                     to the new part. This allows production to use up existing inventory
                     first if this is feasible/allowed.

                  
                  
               
               
               
               
                  
                  Bill of Material Concepts

                  
                  
                  
                  Exhibit 4-53 shows
                     a single-level bill of material that lists the top-level components
                     for the in-stock, vandalproof commercial double doors that our commercial
                     door manufacturer produces.

                  
                  
                  
                  
                     Exhibit 4-53: Bill of Material[image: A table listing components for a product assembly. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Using
                     this view, a few general observations can be made about bills of
                     material:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Single unit. Bills of material
                           list all the parts needed to make exactly one unit (of Part Number
                           100 in this example).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Unique identifier. Each part
                           gets a unique part number. If the same part number is on a different
                           bill, it will be the same exact part. If a part’s form, fit, or
                           function changes, it needs a new part number. For example, unpainted
                           parts get one part number, and the part painted in several standard
                           paint colors would be a unique part number per color.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Quantities and units. BOMs
                           list the quantity of each part used to make one unit, and the unit
                           of measure is specified.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Scope. BOMs clearly indicate
                           what is and is not used in a unit. If a part isn’t listed on the
                           BOM, it is not used in that unit. However, there may be exceptions
                           for maintenance, repair, and operating (MRO) supplies such as glue.

                        
                        

                     
                     

                  
                  
                  
                  We can learn a few
                     things about how these double doors are constructed based on these
                     BOM rules. The doors, handles and crashbars, locksets, and closers
                     come in quantities of two, but since most double doors open in opposite
                     directions, it must be possible to install these parts upside down
                     and on the other side of the door so that the doors can open in
                     different directions. If not, there would need to be two different door
                     part numbers.

                  
                  
               
               
               
               
                  
                  Product
                     Trees Illustrate Independent Versus Dependent Demand

                  
                  
                  
                  
                  Exhibit 4-54 shows
                     the BOM from Exhibit 4-53 in
                     a product tree format as part of a product structure rather than
                     the typical table format of a BOM. The product tree format is not
                     used in practice, but it is useful for teaching purposes. Although
                     the names of parts have been abbreviated, the part numbers are the
                     same. Quantities are shown in parentheses.

                  
                  
                  
                  
                     Exhibit 4-54: Bill of Material in Product Tree Format[image: A diagram showing the relationship between parent and child items in a product structure. The parent item, labeled "In-Stock Double 100," is at the top center of the diagram with an arrow pointing downward to six child items below it. The child items, from left to right, are "Door (2) 202," "Handle (2) 422," "Lockset (2) 323," "Frame (1) 735," "Closer (2) 682," and "Hardware (1) 502." The parent item is categorized as having independent demand, while the child items have dependent demand.]
                  
                  
                  
                  
                  The
                     first thing to note about this exhibit is that if the top level
                     of the BOM represents an end unit, then it will also represent independent
                     demand from the master production schedule. All of the components
                     listed below it will be dependent demand items and are thus calculated
                     rather than being forecasted or otherwise subject to independent
                     demand. However, many bills will be for subcomponents that are not sold
                     independently but are used only as parts in one or more products,
                     in which case even the top level will be dependent demand. If a
                     BOM for an end unit has multiple levels, everything after the top
                     level represents dependent demand. If a component in the lower structure
                     is sold independently, such as for replacement parts, then the top level
                     of its BOM would represent both independent and dependent demand.

                  
                  
               
               
               
               
                  
                  Parent-Child
                     (or Parent-Component) Relationship

                  
                  
                  
                  
                  The second thing
                     to notice about Exhibit 4-54 is
                     a structure often called a parent-child (or sometimes parent-component)
                     relationship. A parent-child relationship is a hierarchical relationship
                     with specific rules. The ASCM Supply Chain Dictionary defines
                     a parent item as “the item
                     produced from one or more components.” A parent will be above its children
                     in the hierarchy, and a parent can have as many children as needed.
                     A child (or component) is one of the components or raw materials
                     that comprise the parent. A child can have only one parent in a
                     particular bill. A child can in turn be a parent to its own children,
                     which results in a multilevel bill of material.

                  
                  
                  
                  Note that the top
                     level in Exhibit 4-54 is
                     marked as level 0. Level 0 is used in multilevel bills to indicate
                     the top level of independent demand items. The next level down is then
                     level 1, and, if children are added to any of these parts, they
                     would be at level 2, and so on.

                  
                  
               
               
               
               
                  
                  Where-Used
                     Reports and Pegging Reports

                  
                  The MRP system is capable of searching
                     records and creating a report—the where-used report—for all the
                     parents for a specific component. (The parent item in a BOM is constructed
                     from multiple components at lower levels in the BOM.) The where-used report
                     is useful for locating all the parent items that may be affected
                     by a change in engineering data or material supply or cost.

                  
                  
                  
                  Similar to the
                     where-used report is the pegging report, which focuses on only those parents
                     that have current demand requirements. It helps show the location,
                     quantity, and timing of an item’s requirements. A pegging report
                     can show what parent orders will be affected by a problem with a
                     component order.

                  
               
               
               
               
                  
                  How
                     BOMs Are Used

                  
                  
                  
                  Bills
                     of material are crucial to many different functions in an organization.
                     Here we will discuss how they are used by manufacturing planning
                     and control, engineering, customer service/service parts departments,
                     and finance.

                  
                  
                  
                  Manufacturing
                     planning and control, including planning, purchasing, and execution functions,
                     uses bills in the ways already discussed: to determine what to order
                     or make in each period and to know what is needed to make it.

                  
                  
                  
                  Engineering will
                     create or modify these bills when they develop new or improved products.
                     If there will be a transition between different versions, an effective
                     date will be provided to indicate when to stop using the old version
                     and start using the new version. The bills are part of the product
                     specifications, along with engineering diagrams and so on, and thus
                     may take very different forms depending on what is being produced.
                     For example, chemical formula BOMs, ingredient lists for bakeries, and
                     assembled consumer goods will be presented in the formats and with
                     the data that pertain to the need. The bills are subsequently used
                     for engineering change control as part of the review, approval,
                     and record-keeping process.

                  
                  
                  
                  Customer service and service parts departments
                     will use bills of material, for example, to ensure that the right
                     replacement part is issued. When products are assembled-to-order,
                     order entry or perhaps a customer selecting from options online
                     will make certain selections, and the order entry system will in
                     turn produce a custom bill of material for that order. The system
                     will assemble this bill from the bills for those particular option
                     choices. Since bills of material can include pricing information,
                     the total price of the custom unit can be calculated.

                  
                  
                  
                  Finance uses BOMs
                     to help determine the direct materials used in the product. BOMs can
                     summarize cost information for all components and subcomponents.
                     The bill may also be helpful in calculating direct labor and provide
                     a means of allocating overhead.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Types of BOMs

            
            
            
            
               
               
               Types of bills
                  of material (BOMs) include single-level and multilevel BOMs. Phantom bills
                  are also addressed here. Note that additional types include planning
                  BOMs, common parts BOMs, modular BOMs, and super BOMs, but these
                  are addressed as part of master scheduling.

               
               
               
               
                  
                  Single-Level
                     BOMs

                  
                  The ASCM
                        Supply Chain Dictionary defines a single-level
                        bill of material as

                  
                  
                  
                     
                     a display of components
                        that are directly used in a parent item. It shows only the relationships
                        one level down.

                     

                  
                  
                  A
                     single-level bill of material will contain only a parent and its
                     immediate children or components. A series of single-level bills
                     will need to be stored in the system to fully define a product.

                  
                  
                  Exhibit 4-55 shows
                     a single-level bill for the standard doors produced for product family
                     A for our commercial door manufacturer.

                  
                  
                  
                     Exhibit 4-55: Single-Level BOM for Part 202[image: A table detailing the components of the product "Door, Family A" with the description "Vandalproof glass door, silver trim" and part number 202. The table includes columns for part number, description, quantity, and units. Go to long description for more details.]
                  Go to long description.

                  
                  
                  
                  Note
                     the final item, clear silicone caulk. It is measured in meters,
                     with the assumption that the caulk gun has a consistent-size bead
                     and consumption can be measured or approximated using linear meters.
                     In other cases, the quantity might be left blank if it is not possible
                     to measure standard quantities accurately. This part would then
                     need to be charged as overhead.

                  
                  
                  Exhibit 4-56 shows
                     the same BOM in product tree format.

                  
                  
                  
                     Exhibit 4-56: Single-Level BOM for Part 202 in Product Tree Format[image: A diagram showing the relationship between parent and child items in a product structure. The parent item, labeled "Door (2) 202," is at the top center of the diagram with an arrow pointing downward to seven child items below it. The child items, from left to right, are "Glass (2) 701," "Top (1) 670," "Bottom (1) 113," "Center (1) 808," "Side (2) 754," “Molding (8) 232,” and "Caulk (10) 799."]
                  
                  
                  
                  In
                     the same way that this single-level BOM was created to break down
                     the materials that are needed to produce the double door, each other
                     component in a top-level bill would have its own single-level bill—unless
                     it is a purchased part—and the components of each of these bills
                     would have their own single-level bills as needed. This would continue
                     down until all the final children are purchased components or raw
                     materials, after which point no bills will be needed at this organization.
                     (The suppliers will have bills for the things they manufacture.)

                  
                  
                  Single-level bills
                     store the information for each component in only one place for use
                     in multiple products. (The bills can be built into various multilevel
                     BOMs, and these will just point to the various single-level bills.)
                     If our door manufacturer uses the same door for an in-stock single-door
                     model, for example, the in-stock single product would have its own
                     bill with a unique part number, and this bill would specify a frame
                     for a single door, but it might use many or most of the other parts,
                     and those part bills would not need to be recreated or have a different
                     part number.

                  
                  
                  
                  Storing
                     bill-of-material data in only one place reduces both the number
                     of total records and the total storage space. It also simplifies
                     file maintenance, since only one record needs to or can be changed
                     (and no duplicate but conflicting BOMs can exist).

                  
               
               
               
               
                  
                  Multilevel
                     BOMs, Including Indented and Summarized Bills

                  
                  
                  
                  
                  The ASCM Supply Chain Dictionary defines multilevel,
                     indented, and summarized bills as follows:

                  
                  
                  
                  
                     
                     Multilevel bill of material: A display of all the components
                        directly or indirectly used in a parent, together with the quantity
                        required of each component. If a component is a subassembly, blend,
                        intermediate, etc., all its components and all their components
                        also will be exhibited, down to purchased parts and raw materials.

                     
                     Indented bill of material: A form of multilevel bill
                        of material. It exhibits the highest-level parents closest to the
                        left margin, and all the components going into these parents are
                        shown indented toward the right. All subsequent levels of components
                        are indented farther to the right. If a component is used in more
                        than one parent within a given product structure, it will appear
                        more than once, under every subassembly in which it is used.

                     
                     Summarized bill of material: A form of multilevel bill
                        of material that lists all the parts and their quantities required
                        in a given product structure. Unlike the indented bill of material,
                        it does not list the levels of manufacture and lists a component
                        only once for the total quantity used.

                     

                  
                  
                  
                  A multilevel bill of material usually contains
                     more than two levels of parent-child hierarchies, although this
                     is really just a way of viewing the information since the data are
                     very likely still stored as a series of single-level bills that
                     have been strung together. Alternatively, a multilevel bill might
                     be a series of single-level bills that are all on the same hierarchy
                     level. Stringing the appropriate single-level bills together shows
                     a single product’s logical structure. The components and their subcomponents are
                     grouped in the logical order in which they need to be assembled,
                     from the bottom up. If a product were assembled all in one operation
                     at a single work center, then a single-level bill of material would
                     be more appropriate, because it would eliminate unnecessary administrative
                     steps and better depict how the product is actually produced. Therefore,
                     the multiple levels generally are used to help break down what is
                     needed for each operation. By convention, a multilevel bill of material
                     is not complete until the final branches in each hierarchy end with
                     purchased components or raw materials.

                  
                  
                  
                  Exhibit 4-57 shows
                     a multilevel bill for a set of double doors in which the door structure is
                     shown at level 2 and the components of a vandalproof glass pane
                     are shown at level 3.

                  
                  
                  
                  
                     Exhibit 4-57: Multilevel Bill of Material in Product Tree Format[image: A hierarchical diagram showing the structure of an in-stock double door. The structure is divided into different levels indicating the components and subcomponents of the door. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  The
                     dotted lines below several of the boxes indicate that there would
                     be much more to this tree if everything were displayed. Note that
                     some part numbers might be purchased components at any given level.
                     In this case, the molding, caulk, glass, and both types of polycarbonate
                     have no children and so have no dotted lines below them. Parts with
                     no children will be purchased parts.

                  
                  
                  
                  One way to display a multilevel bill of
                     material is as an indented bill. In an indented BOM, indentations
                     show when you are moving down a level, and the components can be
                     shown immediately below their parent. Exhibit 4-58 shows
                     the same multilevel bill of material in an indented format.

                  
                  
                  
                  
                     Exhibit 4-58: Multilevel Bill of Material in Indented Bill Format[image: A bill of materials table for Family A: In-Stock All-Glass Vandalproof Commercial Doors, Product: In-Stock Double (ISD), Part Number: 100, with a description of Vandalproof glass double doors with silver trim. The table lists part numbers, descriptions, quantities, and units in indented format. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  An
                     indented bill is often expandable and collapsible in the planning
                     software. The software might use plus signs, or, as shown here,
                     triangles pointed upward to indicate when line items can be expanded
                     further by clicking the icon. When a part is already expanded, the
                     software might use minus signs, or, as shown here, triangles pointed
                     to the right. When no icon is present, there are no children below
                     the item, and it is thus a purchased part. When you are able to
                     drill down to the details as desired or collapse up to a summary
                     view, you can view the bill at the right level of detail for a given
                     task or audience.

                  
                  
                  
                  Multilevel
                     bills may be useful when planners want to see a product and its subcomponents
                     at a big-picture level or at various levels of detail. This might
                     help when working to understand the logic of how the product is
                     made.

                  
                  
               
               
               
               
                  
                  Phantom BOMs

                  
                  
                  
                  
                  A phantom bill of material is defined
                     in the ASCM Supply Chain Dictionary as follows:

                  
                  
                  
                  
                     
                     A bill of material coding and structural
                        technique used primarily for transient (non-stocked) subassemblies.
                        For the transient item, lead time is set to zero and the order quantity
                        to lot-for-lot. A phantom bill of material represents an item that
                        is physically built but rarely stocked before being used in the
                        next step or level of manufacturing. This permits material requirements
                        planning (MRP) logic to drive requirements straight through the
                        phantom item to its components, although the MRP system usually
                        retains its ability to net against any occasional inventories of the
                        item.

                     

                  
                  
                  
                  Phantom
                     BOMs are used to simplify complex production orders by reducing
                     the number of levels in the BOM. A phantom subassembly is not stocked
                     because it does not exist as an actual component. It may be only
                     a drawing of different parts that will be used at a higher assembly
                     level. The MRP system ignores the phantom BOM and looks directly
                     at the parts listed as children. For example, the BOM for a door
                     may include a phantom BOM for a door closer if it can be assembled
                     with a regular or a heavy duty hydraulic piston. The closer is not
                     actually ordered, but the components for the closer are ordered.
                     When the door is assembled, the closer will be assembled as well.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Planning Factors

            
            
            
            
               
               
               The planning factors reside
                  in the item master file. Planning factors include information about
                  ordering, policy, and use.

               
               
               
               
                  
                  
                  	
                     
                     
                     Lot size or order quantity. This
                        is the standard amount of an item ordered. Lot size is determined
                        by the policy adopted by planners for the quantity to be planned
                        at the end item or component level. The policy can be lot-for-lot
                        to meet the exact quantity needed or a quantity based on economic
                        order quantity or other factors. If the item is ordered in fixed
                        order quantities, this will affect planned order size.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Lead time. This
                        is the lead time required for released work orders or purchase orders
                        so that an item is received when it is required. Lead times for
                        work orders can be based on an engineering estimate or historical
                        knowledge of the time needed to complete a component. Lead time
                        for purchase orders can be based on an estimate or a historical
                        average of the delivery lead time.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Safety stock. Safety stock
                        is the amount of inventory that is reserved to protect against fluctuations
                        in supply and demand or forecast error. This stock is included in
                        the projected available. If an order reduces the projected available
                        below the required safety stock level, the planned order must include
                        replenishing the safety stock as well as supplying what is needed
                        to fill the order.

                     
                     

                  
                  
                  
                  	
                     
                     Scrap and yield. The
                        ASCM Supply Chain Dictionary defines these and related terms as
                        follows. 

                     
                     
                     
                     
                        
                        Scrap. Material outside of specifications and
                           possessing characteristics that make rework impractical.

                        
                        Yield. The amount of good or acceptable material
                           available after the completion of a process. It is usually computed as
                           the final amount divided by the initial amount converted to a decimal or
                           percentage. In manufacturing planning and control systems, yield is
                           usually related to specific routing steps or to the parent item to
                           determine how many units should be scheduled to produce a specific
                           number of finished goods. For example, if 50 units of a product are
                           required by a customer and a yield of 70 percent is expected, then 72
                           units (computed as 50 units divided by .7) should be started in the
                           manufacturing process.

                        
                        Scrap factor. A factor that expresses the quantity of
                           a particular component that is expected to be scrapped upon receipt from
                           a vendor, upon completion of production, or while that component is
                           being built into a given assembly. It is usually expressed as a decimal
                           value. For a given operation or process, the scrap factor plus the yield
                           factor is equal to 1. For example, if the scrap factor is 30 percent (or
                           .3), then the yield is 70 percent (or .7). 

                        
                        Yield factor. A measurement of the yield of a
                           process. For a specific process or operation, yield factor plus scrap
                           factor equals 1. 

                        

                     
                     
                     
                     Scrap results in fewer units produced than would be the case if 100 percent
                        of the material ended up in the final products. When a process produces
                        scrap, MRP increases the planned order release amount by a scrap or yield
                        factor to account for this. The number of units to produce is calculated by
                        dividing the number of units ordered by the work center’s yield. The master
                        production schedule and MRP calculations would factor this in. The lot sizes
                        that are set therefore need to account for the yield factor. Yield may be
                        higher or lower than expected, since actual production performance may
                        differ from the standard. Higher yield than planned could result in a higher
                        on-hand balance than desired (e.g., this is one reason lot-for-lot might
                        have an on-hand balance), while lower than expected yield could result in
                        depletion of the desired on-hand balance (or safety stock).

                     

                  
                  

               
               
               

            
            

         
         
         
         
            
            
            Inventory Data

            
            
            
            
               
               
               Inventory data reside in the item record file. These data
                  include the following information about the current inventory status of items.

               
               
               
               
                  
                  
                  	
                     
                     
                     On-hand
                           balance. The quantity shown in the inventory records as
                        being physically in stock.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Allocation. “The classification of resources or item quantities that have
                        been assigned to specific orders but have not yet been released from the
                        stockroom to production...an ‘uncashed’ stockroom requisition” (ASCM Supply Chain Dictionary). A parts requisition is defined as “an
                        authorization that identifies the item and quantity required to be withdrawn
                        from an inventory” (ASCM Supply Chain
                           Dictionary). For example, an order may be released to the factory
                        floor but not picked from storage for several days. During that time, the
                        item is still part of inventory balance, but it has been “allocated” and is
                        not available. When the pick transaction is processed, the inventory system
                        will reduce the item’s on-hand and allocated balances accordingly.
                        Allocations may also be used to manage expensive items or to manage those in
                        short supply. There is an example of calculating net requirements and
                        planned order receipts/releases with allocations in the online
                        activities.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Scheduled receipts. Open orders for items
                        expected to be received or produced in a specific period. Scheduled receipts
                        therefore include both released work orders and open purchase orders for
                        purchased items. A scheduled receipt indicates both the expected quantity
                        and the delivery date.

                     
                     

                  
                  

               
               
               
               The item record also provides information
                  about an item’s historical demand and usage.

               
               
               
               Exhibit 4-59 shows a sample
                  item record with data related to planning factors, inventory status, and historical
                  demand and usage.

               
               
               
               
                  Exhibit 4-59: Sample Item Record[image: An inventory management record for a part number 10564, titled "gear housing." It includes detailed information about the part’s status data, planning factors, and transaction history. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               
               
                  
                  Item
                     Numbering

                  
                  
                  
                  
                  Clear and consistent item
                     numbering is critical in the material requirements planning process, since items
                     will be identified and planned by their numbers and since the data associated
                     with an item are accessed through its part number. To prevent confusion, an item
                     number or part number must be assigned to every raw material, component, and
                     semifinished and finished product. Manufacturing specialist Donald Frank
                     recommends that part numbers should be “simple, numeric, and sequentially
                     assigned.”

                  
                  
                  
                  The part number often is
                     created during the product or component design period. For that reason,
                     engineering and operations should partner in developing one consistent system of
                     numbering that meets both functions’ needs. Changing an existing numbering
                     system involves much labor and time. Mistakes may be made in the process, and
                     customer service may be harmed. So designing the numbering system calls for
                     communication across functions and consideration of future needs.

                  
                  
                  
                  Here are some basic principles for making
                     sure that numbering systems support accurate transactions. They are summarized
                     in Exhibit 4-60.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Use unique item numbers. This
                           requirement seems obvious, but it is especially significant for
                           engineering changes. If a change results in revised form, fit, or
                           function, the item should be given a new identification number, not just
                           an engineering revision number. Even though the new item could be
                           substituted for the old one, separate identification helps maintain
                           accurate counting, lot identification and traceability, and
                           costing.

                        
                        
                        
                        In some cases,
                           an engineering change code is associated with an item. If an engineering
                           change affects only the drawing for a part, as in fixing an error or
                           oversight, a new item number is not required because two numbers would
                           identify the same item. An engineering revision letter or number should
                           be kept distinct from the item identification. It should not be included
                           in the part number.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Use only one set of item numbers within
                              an organization. Because of their different goals, functions may
                           want different types of item identifications for the same things—for
                           example, color symbols or product family designations. Clarity in
                           internal and external communication, however, is improved by using one
                           set of numbers throughout the organization.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Do not use suppliers’ part numbers.
                           Assigning the organization’s own number ensures that when suppliers
                           change, the part will retain the same number.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Assign responsibility for creating
                           item numbers to a single, trained employee (or team) who understands the
                           importance of the issue.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Do not reassign numbers for items no
                           longer used. There may be a future need to refer to an item—for example,
                           in a recall.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Use only numbers. Frank notes that
                           transcription/input errors occur at a rate of one in 300 on a full
                           keyboard but at only one in 3,000 on a ten-key numeric keypad, so Frank
                           promotes use of numeric rather than alphanumeric codes.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Use shorter numbers to decrease the
                           chances of errors in reading or transcription. Frank notes that even an
                           eight-digit number will accommodate 99 million unique parts.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Use a uniform length and format. The
                           same number of characters should be used; the relative positions of
                           letters and numbers should be consistent if both are used.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Avoid confusion when using mixed numeric
                              and alphabetic identifications. For example, the capital letter
                           I and the Arabic numeral 1 can be confused, as can Z and 2 and O
                           (capitalized o) and 0 (zero). Most of these issues are avoided in a pure
                           numeric system.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Design a system
                              with expansion in mind. Having to revise an existing but
                           inadequate item numbering system is costly in terms of resources and
                           time, can affect customer service, and can increase risks by introducing
                           new conflicts, confusion, and the potential for error.

                        
                        

                     
                     

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 4-60: Recommendations for Part Numbering
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                                          Assign one number to every
                                             part.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Use a single numbering system
                                             throughout the organization.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Use only numbers, and the
                                             shorter the better.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Assign one trained person to
                                             manage the numbering system.

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Do not use suppliers’
                                             numbers.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Avoid complex number
                                             formats.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Do not reuse numbers from
                                             retired items.

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               
               
               
                  
                  Significant Versus
                     Non-Significant Identification Systems

                  
                  A key characteristic of numbering systems is whether the
                     numbers are inherently significant and convey meaning or whether they are
                     entirely symbolic.

                  
                  
                  Significant
                     (or intelligent) numbering systems convey some information about a part other
                     than its identification number. For example, in a significant numbering system,
                     a left-side self-closing drawer slide might be identified as
                     HD-SC-1534-L-24-C:

                  
                  
                  
                     
                     	
                        
                        HD refers
                           to hardware for drawers.

                        

                     
                     
                     	
                        
                        SC
                           identifies the style of slide (self-closing).

                        

                     
                     
                     	
                        
                        1534
                           identifies the specific item, and L indicates left-sided
                           hardware.

                        

                     
                     
                     	
                        
                        24 is the length of the
                           slide.

                        

                     
                     
                     	
                        
                        C indicates
                           the finish, chrome.

                        

                     

                  
                  
                  A significant number has an
                     advantage in that it is more memorable; it describes the item to some extent. An
                     experienced worker could save time finding a part. The worker could quickly head
                     to the inventory area with drawer hardware. The L could remind the worker to
                     check that the picked item is a left-sided drawer slide, not right-sided. The C
                     alerts the worker to the correct finish. The worker could also identify parts
                     shelved incorrectly by “reading” the number.

                  
                  
                  The disadvantage is that the number is long, fairly complex,
                     and vulnerable to errors in processing. Future changes to the item may also make
                     classifications harder. In addition, the item number group is limited in size,
                     and generating the number will take training, time, and care.

                  
                  
                  A non-significant (or non-intelligent)
                     identifier contains randomly generated letters and/or numbers that serve only to
                     identify, not to describe. They tend to be shorter. If the identifier is
                     composed of numbers only, it can be input quickly, and it will accommodate
                     expansion more easily. Such numbers can also be generated by a computer and
                     avoid dependence on a single critical employee who understands the naming
                     system.

                  
                  
                  
                  On the other hand,
                     non-significant identifiers don’t group similar parts, so they make managing
                     parts more complicated. And if an employee enters a number manually, it is very
                     difficult to identify an error in a random series of numbers. However, most
                     enterprise resources planning or other planning systems feature both a part
                     number and a description. The systems typically have the capability of sorting
                     by description to find a specific part or a grouping of parts. The key is to
                     standardize the descriptions so the sorting process works well.

                  
                  
                  One choice is not necessarily better
                     than the other. It depends on the nature of the business and its processes.
                     Increasingly, it may depend on how an organization accesses information about
                     its parts. If a company uses a hand-held/hands-free scanner or mobile phone to
                     identify a part number, it may have overcome some of the challenges to
                     non-significant or significant numbering systems as well as data entry errors in
                     general.

                  
               
               

            
            

         
         
         
         
            
            
            MRP Process Outputs

            
            
            
            
               
               
               Material
                  requirements planning (MRP) systems can create planned orders, and planners
                  can create firm planned orders for items that the system cannot automatically
                  rearrange. The system also generates action messages to prompt planners
                  to make timely decisions. Given a need for a change, an MRP system
                  might be configured to use one of two methods, regenerating or net
                  change, so these methods are also discussed.

               
               
               
               
                  
                  Planned Orders

                  
                  
                  
                  
                  When the
                     MRP system detects the need for additional materials, it creates
                     a planned order. The planned order includes a suggested order quantity,
                     a release date, and a due date—all of which are created using the
                     logic of the system and the data provided through the inputs (i.e.,
                     bill of material [BOM], manufacturing planning and control, planning
                     factors, inventory records). It will explode the BOM to define requirements for
                     components at lower levels. The planned orders are dynamic and can
                     be changed if conditions change before the order is released.

                  
                  
                  
                  Some systems release
                     orders automatically. Other systems place the order in an action bucket.
                     A planner then releases the order. A released order takes the form
                     of a purchase order or factory production order.

                  
                  
                  
                  Once a planned
                     order is released, it appears as a scheduled receipt in the MRP
                     record. The planner can choose to change the order’s delivery date
                     by expediting, delaying, or canceling it.

                  
                  
               
               
               
               
                  
                  Firm
                     Planned Orders

                  
                  
                  
                  
                  Firm
                     planned orders are a critical tool for managing the MRP system.
                     The ASCM Supply Chain Dictionary defines
                     a firm planned order (FPO) as
                     follows:

                  
                  
                  
                  
                     
                     A planned order that can be frozen in quantity
                        and time. The computer is not allowed to change it automatically;
                        this is the responsibility of the planner in charge of the item
                        that is being planned. This technique can aid planners working with material
                        requirements planning systems to respond to material and capacity problems
                        by firming up selected planned orders. In addition, firm planned
                        orders are the normal method of stating the master production schedule.

                     

                  
                  
                  
                  A firm planned
                     order is a way for the MRP planner to override the MRP system’s ability
                     to change the planned order, which is called firming up the order.
                     Many MRP systems will not move planned orders within the planning
                     time fence until the MRP planner firms up these orders, which becomes
                     the signal for purchasing to order the parts. After the parts arrive
                     and production has the capacity to produce it, the firm planned
                     order can then be released. Additionally, firm planned orders can
                     be done as a “one off” event. The planner intervenes such as in
                     response to a known material or capacity issue. For example, a planner
                     may be aware of a looming material shortage or an increase in price
                     and wants to order inventory. Or the planner may have been notified
                     that a production line will be diverted to another product and an
                     order can be postponed so other orders are firmed up to take its
                     place.

                  
                  
                  
                  The distinction
                     between planned orders and firm planned orders is illustrated in Exhibit 4-61.

                  
                  
                  
                  
                     Exhibit 4-61: Planned Order, Scheduled Receipts, and Firm Planned Orders[image: The flowchart represents the stages of order management in MRP. It begins with MRP, followed by planned orders, which can be changed only by the planner. Then, a firm planned order is created when the planner overrides MRP changes. The process continues with order release and ends with the addition of a scheduled delivery date.]
                  
                  
                  
                  
                  Exhibit 4-62 shows
                     a firm planned order of 50 units in week 2 for part C. Under the normal
                     MRP logic, the planned order release would be 50 units in week 3,
                     due to a normal lead time of two weeks for this part. This might
                     be done if the plant will be partially shut down for maintenance
                     in week 5 and so needs to get some production done a week early.

                  
                  
                  
                  
                     Exhibit 4-62: Firm Planned Order in Week 2[image: A table titled “Firm Planned Order in Week 2,” showing the Material Requirements Planning (MRP) for Part C over a six-week period. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Since
                     a firm planned order can also be used to fix the quantity, another
                     example might be to place an order that violates normal lot size
                     rules. For example, say a firm planned order is used to place an
                     order for a lot of 36 instead of 50 units. The logic for this might
                     be again due to supply availability or production capacity issues.
                     There may also be too high an inventory of these parts and the production
                     manager wants to draw down inventory to the desired level rather
                     than making more parts.

                  
                  
                  
                  By firming planned orders, the planner
                     can moderate fluctuations in the MRP system (and resulting master
                     schedule) that might otherwise occur if the planning software kept
                     making changes. The impact of constant MRP changes on material planning
                     can be disruptive, and this is called “system nervousness.” By controlling
                     the order “manually,” the planner is trying to reduce unnecessary
                     or too frequent changes in the MRP system’s quantities and/or timing.
                     Exception messages from the enterprise resources planning system
                     will notify the planner of the changes that the planning software
                     logic would normally make, and it would be up to him or her to act
                     on them.

                  
                  
                  
                  When a
                     firm planned order is placed, it requires that planners continue
                     to monitor these changes since the system will not change them automatically
                     even if other things change and the firm planned order is no longer
                     the best way of proceeding. The planner can change these back to
                     normal planned order releases as needed.

                  
                  
               
               
               
               
                  
                  Action Messages and Exception Codes

                  
                  An action message, or exception
                     report, is defined by the ASCM Supply Chain Dictionary as
                     follows:

                  
                  
                  
                     
                     An output of a system that identifies the
                        need for, and the type of action to be taken to correct, a current
                        or potential problem. Examples of action messages in a material requirements
                        planning system include release order, reschedule in, reschedule
                        out, and cancel.

                     

                  
                  
                  The
                     action of rescheduling is defined
                     in the ASCM Supply Chain Dictionary as “the process
                     of changing order or operation due dates, usually as a result of
                     their being out of phase with production or customer commitments.”

                  
                  
                  Exception codes
                     generated during the processing of data may be related to invalid
                     or incongruous data (e.g., impossible parts number) or to conflicts
                     that have been created by changes (e.g., planned order releases
                     that conflict with required lead times).

                  
               
               
               
               
                  
                  Regenerating or Net Change MRP

                  
                  As plans roll
                     forward in time and/or when input data changes, the records in the
                     MRP system must be updated to maintain the currency and accuracy
                     of the plan. There are two decisions in determining how the system
                     will be “refreshed”—how frequently the plan will be updated and
                     whether the complete plan will be reprocessed or only those portions
                     that have changed.

                  
                  
                  The
                     more frequently a system is reprocessed, the more current and accurate
                     its information will be. Small changes in a system where records
                     are interconnected can cascade from one item to hundreds of items.
                     Unless the data are regenerated, the information in the system becomes
                     increasingly out of phase with actual conditions, resulting in poor
                     planning conducted with inaccurate data. More frequent processing will
                     identify issues sooner and allow planners to act. However, depending
                     on the way a system is updated, reprocessing the data frequently
                     can present a challenge.

                  
                  
                  
                  In a regeneration MRP system, all of the
                     existing planned orders are removed (excluding firm planned orders
                     unless they are unfirmed first), and the orders are replanned, starting
                     with the end items and working through the bill-of-material structure.
                     This can slow a system if the processing is conducted while the
                     system is online. It can, however, be done in the background or
                     during periods of low demand (e.g., weekends).

                  
                  
                  One way to decrease
                     processing time—and allow more frequent updating of system data—is
                     to update only those portions of the system that are affected by
                     new or revised data, which is later supplemented by periodic complete
                     regenerations. This approach, called net change processing, is less
                     necessary now due to faster processing speeds.

                  
                  
                  Frequent updating,
                     however, comes with a cost. It produces system nervousness. Frequent
                     changes in the plan can be disruptive for planners, suppliers, and
                     the shop floor, as changes in higher-level MRP plans cause timing
                     and quantity changes at the lower levels.

                  
               
               

            
            

         
         
   
      
         
         
         
         Using and Managing MRP

         
         
         
         
            
            
            Here we introduce the material requirements
               planning (MRP) process and grid. Usually, application software calculates gross and
               net requirements and creates planned orders, but manually calculating the grid will
               help you learn the system logic and relationships. After that, we discuss the
               planner’s role in MRP, including how to evaluate and improve MRP performance.

            
            

         
         
         
         
         
            
            
            MRP Grid

            
            
            
            
               
               
               Material requirements planning (MRP) generates time-phased
                  requirements for component production and component or raw material purchases using
                  fairly simple logic. Before learning about the logic MRP uses to determine what to
                  order or make and when, let’s look at a basic MRP record and describe its line items
                  at a high level.

               
               
               
               An MRP record has line items and time
                  buckets for each period in the planning horizon for a given product. Exhibit 4-63 shows a completed MRP record for part 202, a door for our commercial
                  door manufacturer case study. Note that the lead times and lot sizes would actually
                  be located on the item master record; they are provided here to help make sense of
                  the MRP record.

               
               
               
               
                  Exhibit 4-63: MRP Record Listing Part 202, Door, Family A[image: A table titled “MRP Record Listing Part 202, Door, Family A.” Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               Across the top of the grid is the planning
                  horizon, the number of periods being planned. The buckets may be any length of
                  time—for example, weekly or daily. The present time is the beginning of period 1.
                  The periods or time buckets form a rolling schedule, in which data from one period
                  flow into the next after the defined calculations have been performed.

               
               
               
               Here is a summary of the rows in the
                  grid:

               
               
               
               
                  
                  
                  	
                     
                     
                     Gross requirements. The total independent
                        and dependent demand before netting out inventory on hand and scheduled
                        receipts.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Scheduled receipts.
                        Orders that were placed with a supplier or factory work center but not
                        received before this planning period starts.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Projected available.
                        The running sum of on-hand inventory minus requirements plus scheduled
                        receipts and planned orders (also called projected available balance or
                        PAB).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Net requirements. Gross requirements less scheduled receipts and
                        projected available.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Planned order receipts. The quantity
                        planned to be received at a future date as a result of a planned order
                        release.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Planned order releases. A quantity of an item that will be released
                        to fill an order.

                     
                     

                  
                  

               
               
               
               The MRP record lists the line items for each
                  part number that has gross requirements in the current planning period. The purpose
                  is to determine when orders from production activity control (PAC) or purchasing
                  need to be received—in other words, their due dates. The quantities to be received
                  in a given period are called planned order receipts. Since each part number has a
                  given lead time based on how long it takes to produce or order it and receive it
                  from a supplier, the system will take the lead time into account and offset the
                  release by that many periods. The lead time for part 202 is two weeks, so the 100
                  units to be received in week 4, for example, are the same 100 units that need to be
                  released in week 2. This is true for all other order receipt/order release
                  pairs.

               
               
               
               Notice that at the top there are also
                  scheduled receipts. Scheduled receipts are those planned order releases that
                  actually have been released, so they are no longer listed in either planned order
                  line. While a planned order receipt and the corresponding planned order release are
                  just plans, meaning that there is no money on the line yet, a scheduled receipt is
                  an actual commitment of resources, meaning that an account payable has been created.
                  (Money is committed.) The same order cannot simultaneously be a scheduled receipt
                  and a planned order receipt. Once you release the order, the entry is deleted from
                  the planned order receipt and planned order release rows and is shown on the
                  scheduled receipts row in the same time bucket as the planned order receipt was
                  shown. These three lines form the basic way to plan and schedule supply.

               
               
               
               To illustrate, in Exhibit 4-63, PAC has released two orders for 100 doors, and they are scheduled to
                  be ready for use at the beginning of weeks 1 and 2. Given the lead time of two
                  weeks, these likely were released at the start of last week and the week before.

               
               
               
               Determining when to schedule supply depends on
                  demand. Demand starts at the top with gross requirements. This is much like the
                  forecast or customer order lines in a master schedule, except this will be the
                  calculated requirements for all family A doors across all master production
                  schedules that call for these doors. This may be referred to as pegging. The pegging
                  report shows these requirements, and it also shows that the demand was from the
                  combination of in-stock single and in-stock double units to be produced each week.
                  The gross requirements are the demand for these doors, but two lines down we see
                  projected available, which is the same as the projected available balance in master
                  scheduling. Here the opening inventory of doors is shown as week 0, and, after that,
                  the inventory balance of these doors is projected into the future.

               
               
               
               How do we know when it is time to plan more
                  order receipts? Production is scheduled only when there is insufficient inventory
                  to
                  meet demand, so planned order receipts will be put in whenever there is a net
                  requirement. The net requirements take into account the available inventory as well
                  as any scheduled receipts, since these purchases or this production is already
                  committed. Whenever there is a net requirement, it means that if more of that part
                  is not received by that time bucket, the part will run out and production will halt.
                  If the net requirement is higher than the lot size, two or more lots might be
                  planned.

               
               
               
               Note that we are assuming that this is a
                  make-to-stock environment that holds inventories of raw materials and components.
                  Even in such an environment, these materials may not actually be placed into a
                  physical inventory storage area. In many cases, the items are directly used in the
                  next operation, but at the MRP level, this is not important. PAC will determine
                  these details, not MRP. Here we are just planning due dates and quantities.

               
               
               
               
               
                  
                  Important MRP Details

                  
                  
                  
                  
                  Here are
                     some other details about MRP records:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Comprehensive MRP records. Every end item, component, and
                           subcomponent needed over the planning horizon will have its own MRP
                           record.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Action bucket (period 1). The first period in an MRP record is
                           always the current time period. It is called the action bucket, because
                           this is when planned order releases may (or may not) actually be
                           released. This is a rolling schedule, so, if weeks are used, as a new
                           week is begun the prior week will roll off the record (inventory balance
                           becomes an input) and all the remaining weeks will be renumbered. The
                           new week will then be week 1. A week is added to the end of the planning
                           horizon to keep it the same length.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Planning horizon. The number of periods is at least as long as
                           the cumulative lead time for the product. This allows orders to be
                           released to be ready for the next process and to get the end units done
                           on time.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Time buckets. MRP systems now plan
                           using daily buckets, but weeks can also be used. A bucketless system
                           might also be used, which is one that lists only specific dates that
                           have some MRP activity to plan.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Availability. Scheduled receipts are
                           available at the beginning of the time period in which they are shown,
                           and due dates for receiving or releasing planned orders are at the
                           beginning of the period shown. The lead time for a component assumes
                           that all subcomponents are available at the start of the period, so the
                           lead time is just the processing or assembly time.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Projected available. The projected available shows the balance
                           at the end of that period (not the beginning), after all deductions have
                           been made. Thus it is the balance available for the following
                           period.

                        
                        

                     
                     

                  
                  
               
               

            
            

         
         
         
         
            
            
            MRP Planning Logic

            
            
            
            
               
               
               Exhibit 4-64 summarizes the steps in material requirements planning (MRP).

               
               
               
               
                  
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 4-64: MRP Logic Summary
                        
                        
                           
                           
                           
                           
                           
                        
                        
                           
                           
                              
                              	 
                              
                              
                              	 
                              

                           
                        
                        
                        
                           
                           
                              
                              	
                                 
                                 
                                 1.

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Calculate gross requirements at end-item
                                    level (level 0), based on master production and service
                                    parts schedules. This step requires exploding, low-level
                                       coding, and offsetting.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 2.

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Calculate net requirements using netting
                                    process at level 0:

                                 
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Gross
                                          requirements

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       MINUS scheduled
                                          receipts

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       MINUS prior
                                          period projected available balance (or on-hand
                                          balance), which may be adjusted downward by
                                          allocations, if any, and, if it were to go below the
                                          safety stock level, would trigger a planned order
                                          receipt. (The safety stock level becomes the minimum
                                          balance for projected available.)

                                       
                                       

                                    

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 3.

                                 
                                 
                                 
                                 

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 If net requirement exists, create planned
                                    order release and receipt data, applying lead offsetting to accommodate
                                    lead time. Note: Final projected available in a period will
                                    be the previous projected available PLUS planned order
                                    receipts PLUS scheduled receipts LESS gross
                                    requirements.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 4.

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Multiply the planned order receipt by the
                                    quantity per in the bill of material (BOM). This becomes the
                                    gross requirements for level 1 components. Repeat
                                    gross-to-net calculations and creations of planned orders
                                    through to the lowest level of the BOM.

                                 
                                 
                              

                           
                        

                     

                  
                  

               
               
               Note the three MRP processes shown in bold:
                  exploding, low-level coding, and offsetting. These processes are explored more
                  next.

               
               
               
               
                  
                  Exploding
                     (Bill-of-Material Explosion) and Low-Level Coding

                  
                  The ASCM Supply Chain Dictionary defines the
                     following terms related to explosions.

                  
                  
                  
                     
                     Bill-of-material explosion:
                        The process of determining component identities, quantities per assembly,
                        and other parent-component relationship data for a parent item. Explosion
                        may be single level, indented, or summarized.

                     
                     Requirements explosion: The
                        process of calculating the demand for the components of a parent item by
                        multiplying the parent item requirements by the component usage quantity
                        specified in the bill of material.

                     
                     Explode: To perform a
                        bill-of-material explosion.

                     

                  
                  
                  A BOM explosion is often referred to
                     as exploding a BOM, and, as the definition states, this explosion can stop at a
                     particular level or continue until all quantities are identified, down to
                     purchased items. Exploding determines material requirements by multiplying each
                     material by its usage quantity and recording it in the product tree.

                  
                  
                  
                  However, since the MRP system calculates
                     requirements for multiple parent items that may use the same component, net
                     requirements for an item cannot be calculated until all of the component
                     requirements at all levels in all parent BOMs have been calculated. The simplest
                     way to avoid missing a requirement for an item and having to recalculate is to
                     count that item starting at its lowest level of usage, which is called low-level
                     coding.

                  
                  
                  Low-level coding assigns
                     code numbers to items according to where they are used in assembly of all the
                     BOMs being processed. By aggregating the components by levels, the MRP system
                     captures all occurrences of a component and avoids having to recalculate
                     requirements.

                  
                  
                  While this process
                     is typically automated in an MRP system, for teaching or testing purposes
                     low-level coding and exploding might take the form of constructing a product
                     tree given some data on parent-child (or parent-component) relationships and
                     quantities. Exhibit 4-65 shows a list of
                     parents and their children, with quantities listed in parentheses.

                  
                  
                  
                     
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 4-65: Parent-Child Data for Explosion Example
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                  Since the quantity of the parent
                     will have a multiplying effect on quantities of items in its children and so on
                     through multiple levels, it is often helpful to construct a product tree to
                     better understand the logic before starting to multiply quantities. Exhibit 4-66 shows this product tree along with the calculated (exploded)
                     requirements for all purchased components.

                  
                  
                  
                     Exhibit 4-66: Product Tree with Exploded Requirements[image: A hierarchical diagram showing the levels of components and their quantities required for the assembly of a product, with purchased components highlighted and their total quantities calculated. Go to long description for more details.]
                  Go to long description.

                  
                  
                  
                  Note how the quantities at each
                     level up in a direct parent-child relationship become multipliers for the
                     requirements at the lower levels. For example, we know that in total, 22 Gs will
                     need to be purchased per unit of A that will be produced. This is because 3 Gs
                     were needed for every D, and two Ds were needed, resulting in 6 Gs plus the Gs
                     needed on level 3. This level is 2 Ds times 2 Fs times 4 Gs, or 16 Gs. However,
                     not all of these Gs will necessarily be required at the same time, which is why
                     offsetting is needed.

                  
               
               
               
               
                  
                  Lead-Time Offset
                     (Offsetting)

                  
                  
                  
                  
                  The ASCM Supply Chain Dictionary defines lead-time offset and the planned order receipt and
                     release as follows:

                  
                  
                  
                  
                     
                     Lead-time
                           offset: A technique used in
                        material requirements planning in which a planned order receipt in one time
                        period requires the release of that order in an earlier time period based on
                        the lead time for the item.

                     
                     Planned
                           order receipt: The quantity
                        planned to be received at a future date as a result of a planned order
                        release. Planned order receipts differ from scheduled receipts in that they
                        have not been released.

                     
                     Planned
                           order release: A row on a
                        material requirements planning table that is derived from planned order
                        receipts by taking the planned receipt quantity and offsetting it to the
                        left by the appropriate lead time.

                     

                  
                  
                  
                  Offsetting schedules the planned order
                     release date closer to the present from the planned order receipt date, based on
                     the item’s lead time. However, how does the system know when to schedule a
                     planned order release? This is based on the net requirements, which are in turn
                     based on the gross requirements. How does the system calculate the quantities
                     and periods for gross requirements? As the exploding example showed, this is not
                     always straightforward, since the same material might be used at different
                     points in a process or in different processes.

                  
                  
                  
                  Exhibit 4-67 continues the
                     prior example, but now the items in the product tree are given lead times. The
                     tree is also flipped on its side to show it along a five-week time horizon (week
                     six is needed to enter a planned order receipt for one A, ready at the start of
                     week 6), and the components are placed in the week the item production or
                     purchase order would need to be released.

                  
                  
                  
                  
                     Exhibit 4-67: Product Tree with Lead Times[image: A hierarchical diagram showing the levels of components and their lead times for the assembly of a product, with gross requirements for component G indicated on a timeline. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Note that at the bottom of the
                     graphic there is a line for gross requirements for item G, as was calculated in
                     Exhibit 4-66. These are listed in the week in which they will need to
                     enter into the production process. For the moment, let’s assume that there are
                     zero units of any of these components in inventory, there are no scheduled
                     receipts yet, and the demand is for only this one unit of A. This means that the
                     net requirements will be the same as the gross requirements, in which case the
                     planned order receipts will also be for the same period. Assume that the lot
                     size for each item is also 1. Exhibit 4-68 lists just the
                     planned order receipt and planned order release lines for the relevant MRP
                     records, showing offsetting based on the lead time for that part number. Here,
                     offsetting is highlighted using shading, and arrows show which planned order
                     releases are triggering the corresponding planned order receipts for their
                     children. (Refer to the product tree just shown as needed.)

                  
                  
                  
                  
                     Exhibit 4-68: Offsetting Planned Order Releases from Receipts[image: A table showing the planned order receipts and releases for various part numbers over a six-week period, with shading and arrows indicating offsetting and the source of exploded requirements. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Let’s describe what these arrows
                     represent. The children of A are B, C, and D, so A’s planned order release
                     triggers exploded requirements for these materials shown as planned order
                     receipts in the same week. (It is a receipt because the materials need to be
                     received by then.) B has only one child, E, so its planned order release in week
                     4 triggers a planned order receipt in week 4 that is also exploded. This
                     continues for the other two parent-child relationships in the product
                     tree.

                  
                  
                  
                  A key point to note here is
                     that gross requirements for a child are always based only on its direct parent’s
                     planned order releases (which are in turn based on the parent’s net
                     requirements), not on a requirement higher than one level up. Therefore A’s
                     requirements come from the MPS, while B, C, and D’s requirements come from A,
                     and so on. This will become more important when we make the lot sizes larger
                     than one unit, because the lot size for the direct parent will directly impact
                     the exploded requirements for its children and so on down each
                     level.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Gross to Net Requirements

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary defines gross and
                  net requirements and scheduled receipts as follows:

               
               
               
               
                  
                  Gross
                        requirement: The total of
                     independent and dependent demand for a component before the netting of on-hand
                     inventory and scheduled receipts.

                  
                  Net requirements: In material
                     requirements planning, the net requirements for a part or an assembly are
                     derived as a result of applying gross requirements and allocations against
                     inventory on hand, scheduled receipts, and safety stock. After being lot-sized
                     and offset for lead time, net requirements become planned orders.

                  
                  Scheduled
                        receipt: An open order that has an
                     assigned due date.

                  

               
               
               
               Note that an open order is a planned order
                  that has been released as a manufacturing order or a purchase order. The material
                  requirements planning (MRP) system treats scheduled receipts as materials that can
                  be relied upon to be where they need to be when they need to be there.

               
               
               
               To calculate net requirements, use the
                  following formula:

               
               
               
               
                  
[image: ../images/4-c-t03_3_-_gross_to_net_requirements_01_id209DMJ005UI_mathml_137_width_1394.png]

                  

               
               
               
               Note that prior projected available might
                  also be called available inventory, but here we clarify that you need to use the
                  prior period (or opening inventory, for the first period’s net requirements).
                  Another way of determining where there is a net requirement is whenever the
                  projected available would go negative (or go below the safety stock level).
                  Therefore, another line that needs to be calculated at this point is the projected
                  available:

               
               
               
               
                  
[image: ../images/4-c-t03_3_-_gross_to_net_requirements_02_id209DMJ00HYK_mathml_138_width_1599.png]

                  

               
               
               
               We will look at preliminary requirements for
                  a handful of part numbers, using a given set of gross requirements along with
                  scheduled receipts and some opening inventory, as seen in Exhibit 4-69. Assume that the lot size for each item is five units. Note that this
                  exhibit shows a preliminary view of these calculations rather than something you
                  would actually see in the system (thus the negative values for some projected
                  available calculations, which would be listed as 0 in the system since one cannot
                  actually have negative inventory).

               
               
               
               
                  Exhibit 4-69: Preliminary MRP Calculations with Projected Available[image: A detailed table showing the material requirements planning (MRP) for part numbers C, E, G, and H over a six-week period. The table includes lead times, gross requirements, scheduled receipts, projected available inventory, net requirements, and planned order receipts and releases. The top portion of the image displays a hierarchical structure of the part numbers and their relationships, with lead times indicated.]
               
               
               
               
               Here is how the projected available is
                  calculated in a few key places:

               
               
               
               
                  
[image: ../images/4-c-t03_3_-_gross_to_net_requirements_03_id209DMK00AHT_mathml_139_width_1376.png]

                  

               
               
               
               
                  
[image: ../images/4-c-t03_3_-_gross_to_net_requirements_04_id209DMK00APF_mathml_140_width_739.png]

                  

               
               
               
               
                  
[image: ../images/4-c-t03_3_-_gross_to_net_requirements_05_id209DMK00APN_mathml_141_width_737.png]

                  

               
               
               
               Next we need to calculate the net
                  requirements, as is shown in Exhibit 4-70.

               
               
               
               
                  Exhibit 4-70: Preliminary MRP Calculations with Net Requirements[image: A table titled “Preliminary MRP Calculations with Net Requirements.” Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               Note how when there are no planned order
                  receipts, the net requirements match the negative projected inventory balances,
                  shown here for teaching purposes. (Again, these would actually be listed as 0.) Here
                  are examples of how the net requirements are calculated:

               
               
               
               
                  
[image: ../images/4-c-t03_3_-_gross_to_net_requirements_06_id209DML0027Q_mathml_142_width_1086.png]

                  

               
               
               
               
                  
[image: ../images/4-c-t03_3_-_gross_to_net_requirements_07_id209DML00230_mathml_143_width_624.png]

                  

               
               
               
               
                  
[image: ../images/4-c-t03_3_-_gross_to_net_requirements_08_id209DML002RO_mathml_144_width_673.png]

                  

               
               
               
               MRP logic will propose a planned order
                  receipt using lot size rules (here, five units for each part) below the first net
                  requirement and then recalculate the net requirements (and projected available). It
                  will repeat this process, possibly adding more planned order receipts, depending on
                  the need, after the first is added. It will also offset the planned order releases
                  based on lead time. Exhibit 4-71 shows the completed
                  MRP record. Note how the projected available now is never negative. (It could go to
                  zero, but this is not shown here.)

               
               
               
               
                  Exhibit 4-71: Completed MRP Record[image: A table titled “Completed MRP Record.” Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               Here are a few examples of the recalculated
                  amounts:

               
               
               
               
                  
[image: ../images/4-c-t03_3_-_gross_to_net_requirements_09_id209DML040E9_mathml_145_width_1126.png]

                  

               
               
               
               
                  
[image: ../images/4-c-t03_3_-_gross_to_net_requirements_10_id209DML0404Y_mathml_146_width_981.png]

                  

               
               
               
               Note how, for part E,
                  only one planned order receipt is needed, even though weeks 4 through 6 initially
                  have net requirements, because the planned order receipt for five units in week 4
                  results in a positive projected available balance in week 4. This positive balance
                  is carried forward to weeks 5 and 6 where there are no additional gross requirements
                  and thus no net requirements. However, for part G, the week 3 planned order receipt
                  does not leave enough extra inventory to address the week 4 net requirement, so
                  another planned order receipt is added.

               
               
               
               MRP records will be calculated and
                  recalculated whenever there are production or supply issues or deliberate changes.
                  Before they are released to production activity control and purchasing, they undergo
                  a final capacity planning check.

               
               

            
            

         
         
         
         
            
            
            Comprehensive MRP Example

            
            
            
            
               
               
               Here
                  we will work through the entire MRP process for three items, which are introduced
                  in
                  Exhibit 4-72. The gross requirements for these items have been derived from the
                  master production schedule (MPS).

               
               
               
               
                  Exhibit 4-72: Gross Requirements for Items A and F and Component C[image: A material requirements planning (MRP) table for Items A, F, and Component C. Each item has columns for weeks 1 to 8 and rows for gross requirements, scheduled receipts, projected available, net requirements, planned order receipts, and planned order releases. The table includes annotations indicating the source of the gross requirements, either from the master production schedule (MPS) or from independent demand for service parts.]
               
               
               
               
               For item A, 10 units are needed in period
                  4, 100 in period 6, and 10 in period 8. For item F, 20 items are required in period
                  5, 20 in period 6, and 10 in period 8.

               
               
               
               You will notice that Exhibit 4-72 also includes independent requirements for item C. C is a component
                  in items A and F, but the demand for 10 units per period shown at the bottom of the
                  exhibit represents a separate source of independent demand. In addition to being a
                  component in assemblies, C is also a service item.

               
               
               
               If a service part is used only in that
                  manner, it is coded at level 0 as an end item. If, however, it is a component, it
                  is
                  coded at the lowest level at which it is used in the product BOMs.

               
               
               
               Both service items and components can be
                  secured with the same safety stock.

               
               
               
               Now let’s look more closely at each of the following MRP
                  calculation steps:

               
               
               
               
                  
                  
                  	
                     
                     
                     Calculate gross requirements at level 0
                        (top level of an end unit’s components).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Calculate preliminary PAB.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Calculate net requirements at level
                        0.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Per net requirement, create planned
                        order receipts and offset planned order releases.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Adjust PAB for planned order
                        receipts.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Multiply planned order release by BOM
                        quantity, plus any independent demand, to find gross requirements for level
                        1. Repeat process through to lowest BOM level.

                     
                     

                  
                  

               
               
               
               
                  
                  Calculate Gross
                     Requirements at Level 0

                  
                  
                  
                  
                  To determine gross requirements for
                     all the components used to produce items A and F, each item’s BOM is exploded to
                     identify the individual components used in that BOM, their quantities, and their
                     lead times. Exhibit 4-73 shows the BOM
                     structures for items A and F.

                  
                  
                  
                  
                     Exhibit 4-73: BOM Explosion[image: A hierarchical diagram representing the lead times and quantities per component for Items A and F. The diagram is divided into three levels, with Item A and Item F at the top level, their subcomponents at the middle level, and further subcomponents at the bottom level. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  
                     
                     
                     
                        
                        
                        
                        Exploding and
                           Low-Level Coding
                        

                     
                     
                     
                     
                     The levels
                        noted in the center of Exhibit 4-73 illustrate
                        how low-level coding must consider requirements at the exploded levels zero
                        through two. The parent items, A and F, are at level 0. Components B and D
                        are used in both items at level 1. Component C is used at level 1 for item A
                        but also at level 2 for both items, as a component of B. Component E is
                        similarly used at level 1 for item F but is also a level 2 component of B
                        for both items. When calculating gross requirements, usage for components C
                        and E must include use at levels 1 and 2. The MRP system checks all levels
                        before calculating the gross requirements.

                     
                     
                  
                  
                  
                     
                     
                     
                        
                        
                        Lead-Time Offsetting
                        

                     
                     
                     
                     
                     Exhibit 4-73 also shows
                        the lead times for items A and F and their components B, C, D, and E. If
                        there is a requirement for any item or component, the MRP system will plan
                        an order release that reflects the lead time. For example, if there is a
                        gross requirement for item A in period 4 and there is insufficient projected
                        available balance, then the system will plan to release an order in period
                        2. This way it will be in the system at the beginning of period 4.

                     
                     
                     
                     In other words, to calculate when
                        a planned order release is needed, the system offsets the amount to the left
                        on the grid by the number of periods corresponding to the lead
                        time.

                     
                     
                  
               
               
               
               
                  
                  Calculate Net
                     Requirements at Level 0

                  
                  
                  
                  
                  Next,
                     let’s walk through the process for calculating the net requirements for these
                     items and components by level.

                  
                  
                  
                  Note
                     the basic assumptions at work in this example. First, the itemized inventory
                     policy for item A does not require safety stock, and, second, the lot-for-lot
                     (L4L) method is used to determine order quantity. In other words, there is a lot
                     size of 1. This method will simply build what has been ordered less any on-hand
                     balance, but this balance is typically zero (or the safety stock level) due to
                     the L4L policy. Note that the online activities contain a more complex situation
                     that involves safety stock, lot size, and an on-hand inventory
                     balance.

                  
                  
                  
                  
                     
                     
                     Item A

                     
                     
                     
                     Exhibit 4-74 shows the
                        MRP calculation for item A in this planning period. We’ll go though this
                        example step by step.

                     
                     
                     
                     
                        Exhibit 4-74: Gross-to-Net Calculations for Item A[image: A table for Item A showing its lot size, lead time, and requirements over an 8-week period. The table includes columns for gross requirements, scheduled receipts, projected available, net requirements, planned order receipts, and planned order releases. Go to long description for more details.]
                     Go to long description.

                     
                     
                     
                     
                     Gross requirements were pulled from
                        the MPS: 10 units in period 4, 100 in period 6, and 10 in period 8.

                     
                     
                     
                     Since inventory policy for this
                        item appears to exclude safety stock and requires L4L replenishment,
                        projected available will always be 0 at the end of periods 4, 6, and 8.

                     
                     
                     
                     The receipt of the released orders
                        occurs at the beginning of the period. So the receipt of 10 units occurs at
                        the beginning of period 4. All 10 units are used to fill the gross
                        requirements for that period. This leaves zero balance available for the
                        next period.

                     
                     
                     
                     The net requirements for item F can
                        be calculated in the same manner.

                     
                     
                  
               
               
               
               
                  
                  Create Planned
                     Orders

                  
                  
                  
                  
                  Remember that net requirements are gross
                     requirements minus projected available. This means that for period 4, net
                     requirements are 10 units. Whenever there are net requirements, this means that
                     the PAB will be negative at this point if no planned orders are released.
                     Therefore, a planned order release for 10 units of item A is offset two periods
                     to reflect the lead time for item A. In Exhibit 4-76, you see the
                     planned order release of 10 units in period 2.

                  
                  
                  
                  Similarly, the net requirements for period 6 are 100 units
                     (100 in gross requirements minus zero projected available). Therefore, a planned
                     order release of 100 units is set for period 4. The planned order receipt in
                     period 6 will fill the gross requirements for that period. Net requirements for
                     period 8 are 10 units (10 – 0), and a planned order release is set for 10 units
                     in period 6 so that the order can be filled in period 8.

                  
                  
               
               
               
               
                  
                  Post Gross Requirements
                     for Next Level and Repeat Gross-to-Net

                  
                  
                  
                  
                  This
                     process is repeated for all components through the levels, eventually producing
                     required actions to release planned orders and to update balances to maintain
                     the currency of the system data.

                  
                  
                  
                  
                     
                     
                     Level 1

                     
                     
                     
                     For level 1, we will focus on
                        component B. Exhibit 4-75 shows the
                        gross requirements for component B in this planning period. It also shows a
                        completed MRP grid for item F; this item’s net requirements and planned
                        order releases need to be completed before calculating component B’s gross
                        requirements since it is also a source of some of these requirements.
                        Remember that we will not calculate components C and E until the next level
                        so that we can capture all the requirements for these components.

                     
                     
                     
                     
                        Exhibit 4-75: Gross Requirements for Component B[image: A table showing the gross and net requirements, planned order receipts, and planned order releases for Item A, Item F, and Component B over an 8-week period. Arrows indicate the planned order releases of Item A and Item F contributing to the gross requirements for Component B. The arrows point from gross requirements in Component B to planned order releases in Item A and Item F.]
                     
                     
                     
                     
                     To calculate the gross requirements
                        for component B, we need to consider the planned order releases for both
                        item A and item F. These are shown in the shaded boxes. The gross
                        requirements for component B are therefore 120 for period 4.

                     
                     
                     
                     Note also that our simple example
                        requires only one unit of component B to assemble items A and F. If two
                        units were required, the gross requirements would be doubled.

                     
                     
                     
                     Exhibit 4-76 shows the
                        net requirements and planned order releases for component B.

                     
                     
                     
                     
                        Exhibit 4-76: Gross-to-Net Requirements for Component B[image: A table for Component B showing the gross requirements, scheduled receipts, projected available, net requirements, planned order receipts, and planned order releases over an 8-week period. The table includes arrows and circled values to illustrate changes in inventory and order planning. Go to long description for more details.]
                     Go to long description.

                     
                     
                     
                     
                     Note that the replenishment
                        strategy is still L4L, the component does not have safety stock, and lead
                        time for component B is one period. Note also that there is an on-hand
                        balance of 100 units of component B at the beginning of the planning period.
                        An earlier order for items A and/or F was canceled after completion of
                        component B.

                     
                     
                     
                     Gross requirements reflect the
                        combined requirements for items A and F in each period.

                     
                     
                     
                     Projected available at the
                        beginning of period 2 is 100 units.

                     
                     
                     
                     In period 2, there is no net
                        requirement, since the gross requirements can be filled from the projected
                        available in period 1. At the end of period 2, the projected available
                        balance will be 90 units.

                     
                     
                     
                     In period 4, gross requirements of
                        120 will exceed projected available (90) and will create net requirements of
                        30. A planned order receipt is therefore set for period 4, which creates a
                        planned order release for 30 units in period 3, based on the one-period lead
                        time for component B.

                     
                     
                     
                     In period 4, the order for 30 units
                        released in period 3 will be received. This order, combined with the
                        projected available balance of 90 units at the end of period 3, is
                        sufficient to meet gross requirements for period 4. The entire order will be
                        used, however, so there will be no balance. So the projected available
                        balance at the end of period 4 is zero.

                     
                     
                     
                     In period 5, there is no longer a
                        projected available balance, so the net requirement will be 20—the gross
                        requirement of 20 minus 0 projected available balance. This creates a
                        planned order receipt in period 5 and a corresponding planned order release
                        in period 4 for 20 units.

                     
                     
                     
                     Periods 6 and 7 show a similar
                        situation. In each, net requirements for component B are the same as gross
                        requirements, and planned order receipts are created. For periods 5, 6, and
                        7, planned order releases are shown in the offset periods.

                     
                     
                  
                  
                  
                     
                     
                     Level 2

                     
                     
                     
                     At level 2, we can now plan for
                        components C and E. We will focus on component C. The gross requirements for
                        component C must include

                     
                     
                     
                     
                        
                        	
                           
                           
                           The gross requirements for
                              item A at level 2 (at 2 per since two item Cs are needed to produce
                              one item A), so this nets to two item Cs per one item A.

                           
                           

                        
                        
                        	
                           
                           
                           The gross requirements for component B, which are
                              derived from the requirements at level 1 for items A (1 per) and
                              item F (at 1 per), which are summed per time period and result in a
                              set of planned order releases after considering projected available
                              balances as shown in Exhibit 4-77. This
                              source is also calculated at 2 per, so this nets to two item Cs per
                              one component B.

                           
                           

                        
                        
                        	
                           
                           
                           The independent demand for
                              component C in each period, which is 10 per period in this
                              example.

                           
                           

                        

                     
                     
                     
                     Exhibit 4-77 shows how the
                        gross requirements for component C are derived.

                     
                     
                     
                     
                        Exhibit 4-77: Gross Requirements for Component C[image: A table showing the gross requirements, net requirements, planned order receipts, and planned order releases for Item A, Component B, and Component C over an 8-week period. Go to long description for more details.]
                     Go to long description.

                     
                     
                     
                     
                     Component C’s net requirements and
                        planned order releases are shown in Exhibit 4-78. A few
                        complications have been added to the planning. The policy for component C is
                        that planning must include safety stock of 15 units (perhaps because it is
                        critical to processes for multiple products, it is used at a bottleneck
                        workstation, or it is used in maintaining equipment), and the planned order
                        quantity is 150.

                     
                     
                     
                     
                        Exhibit 4-78: Gross-to-Net Requirements for Component C[image: A table illustrating the material requirements planning (MRP) for Component C with a lot size of 150, safety stock of 15, and lead time of 2 weeks. Go to long description for more details.]
                     Go to long description.

                     
                     
                     
                     
                     In periods 1 and 2, the projected
                        available on hand will be sufficient to meet gross requirements.

                     
                     
                     
                     In period 3, however, projected
                        available balance of 80 cannot fulfill the gross requirements of 70 units
                        since there is a safety stock requirement of 15 units, so this would result
                        in only 10 units being on hand. The net requirement is calculated as 15
                        units of safety stock minus 10 units projected available equals 5 units of
                        net requirements to get to the safety stock level. This triggers a planned
                        order receipt of 150 units.

                     
                     
                     
                     In period 4, the projected available of
                        160 would be entirely consumed by the gross requirement of 250, so 90 units
                        plus the safety stock of 15 units are needed, for 105 units of net
                        requirements. This triggers another planned order receipt of 150 units.

                     
                     
                     
                     In period 5, projected available is
                        sufficient to satisfy the remaining gross requirements and is above the
                        safety stock level, so there are no net requirements.

                     
                     
                     
                     
                     In period 6, the projected available of
                        30 units minus the gross requirements of 50 units creates a net requirement
                        of 20 units, to which is added the
                        15unit
                        safety stock requirement, for a net requirement of 35 units. This triggers
                        another planned order receipt for 150 units. The remaining two periods have
                        enough projected available to cover the gross requirements without going
                        below the safety stock level. Finally, the planned order receipts are each
                        offset by two weeks and the corresponding planned order releases are
                        shown

                     
                     
                     
                     
                  
               
               
               
               
                  
                  Try it Yourself: Motorcycle
                     Manufacturer Case Study

                  
                  
                  
                  Let’s use the case study motorcycle
                     manufacturer organization to work through an example of MRP grid logic. Exhibit 4-79 shows an MRP grid for part 221, a purple motorcycle gas tank.
                     The tanks are painted L4L. There are 10 units in stock due to a canceled order,
                     and safety stock is set at 0 units. Use the gross requirements provided in Exhibit 4-79 to calculate the projected available each week, the net
                     requirements, the planned order receipts, and the planned order releases.

                  
                  
                  
                  
                     Exhibit 4-79: Incomplete MRP Grid[image: A table titled “Incomplete MRP Grid.” Go to long description for more details.]
                  Go to long description.

                  
                  
                  
                  
                  The solution to this problem is shown in
                     Exhibit 4-80 and is described below.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Carry the projected available
                           balance of 10 units forward for each week in which there are no gross
                           requirements.

                        
                        

                     
                     
                     	
                        
                        
                        In week 5, calculate the net
                           requirement, which is the 20 units minus any scheduled receipts (0 here)
                           and minus the week 4 projected available, for a net requirement of 10
                           units.

                        
                        

                     
                     
                     	
                        
                        
                        Add a planned order receipt for
                           week 5 of 10 units, to follow the lot-for-lot rule, and, for the planned
                           order release line, add 10 units in week 3 due to offsetting for the
                           two-week lead time.

                        
                        

                     
                     
                     	
                        
                        
                        Calculate the projected available
                           as the prior projected available of 10 units, plus the scheduled receipt
                           (0 units), plus the planned order receipt of 10 units, minus the gross
                           requirement of 20 units, which equals 0 units. Since this is
                           lot-for-lot, there will be no excess inventory produced and the
                           remaining projected available balances will be zero.

                        
                        

                     

                  
                  
                  
                  The remainder of the calculations will be
                     the same except that there will be no more projected available inventory, as
                     shown below.

                  
                  
                  
                  
                     Exhibit 4-80: Completed MRP Grid[image: A table titled “Completed MRP Grid.” Go to long description for more details.]
                  Go to long description.

                  
                  
                  
               
               

            
            

         
         
         
         
            
            
            Planner’s Role in MRP Management

            
            
            
            
               
               
               The material
                  requirements planning (MRP) system is managed by planners, whose primary
                  responsibility is to keep material flowing into, through, and out of the operations.
                  This involves maintaining priorities as conditions change. These changes may be
                  caused by changes in the master production schedule, changes to work in process
                  (e.g., delays, early completion, partial orders due to manufacturing problems), or
                  actions by suppliers (e.g., delayed or incomplete shipments).

               
               
               
               Manufacturing
                     Planning and Control for Supply Chain Management states that, in managing
                  the MRP process, the planner is responsible for performing the following
                  actions:

               
               
               
               
                  
                  
                  	
                     
                     
                     Releasing orders (The system
                        releases an order into the action bucket. The order launching converts a
                        planned order release into a scheduled receipt.)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Rescheduling due dates, i.e.,
                        expediting or de-expediting existing open orders as needed

                     
                     

                  
                  
                  
                  	
                     
                     
                     Analyzing and updating system
                        planning factors (e.g., lot sizes, safety stock)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Reconciling errors and
                        inconsistencies, determining the cause of the problem, and correcting it

                     
                     

                  
                  
                  
                  	
                     
                     
                     Identifying potential problems and
                        responding proactively to prevent or minimize their effects

                     
                     

                  
                  
                  
                  	
                     
                     
                     Working creatively within the rules
                        of the system to resolve material shortage problems (For example, the
                        planner could trace an issue to the source of the demand, analyze root
                        causes, and develop solutions.)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Identifying opportunities to improve
                        the process

                     
                     

                  
                  

               
               
               
               
                  
                  Evaluating and Improving MRP Performance

                  
                  The performance of the MRP
                     process is based on several factors. Planned order quantities and dates can be
                     compared to the actual execution of the orders to determine the accuracy of the
                     plan. The planner may generate reports of deviations from the plan and their
                     causes. In addition, item inactivity, inventory investment, and purchase
                     commitments may be used to measure MRP performance.

                  
                  
                  Measurements of MRP system performance for a given planning
                     period include

                  
                  
                  
                     
                     	
                        
                        
                        Manufacturing orders released on
                           time

                        
                        

                     
                     
                     	
                        
                        
                        Purchase orders released on
                           time

                        
                        

                     
                     
                     	
                        
                        
                        Downtime caused by shortages

                        
                        

                     
                     
                     	
                        
                        
                        Excess inventory

                        
                        

                     
                     
                     	
                        
                        
                        Number of changes to purchase
                           orders

                        
                        

                     
                     
                     	
                        
                        
                        Orders released to manufacturing
                           with material shortages

                        
                        

                     
                     
                     	
                        
                        
                        Due dates of orders met

                        
                        

                     
                     
                     	
                        
                        
                        Trends in action messages.

                        
                        

                     

                  
                  
                  In general, the following are
                     true:

                  
                  
                  
                     
                     	
                        
                        
                        High numbers of manufacturing
                           and purchase orders released on time indicate that manufacturing and
                           supplier lead time data are accurate and the order release process is in
                           control.

                        
                        

                     
                     
                     	
                        
                        
                        Low downtime due to shortages
                           and high numbers of orders released to manufacturing without material
                           shortages indicate good inventory and bill-of-material data accuracy,
                           good working inventory management processes, and correct routings.

                        
                        

                     
                     
                     	
                        
                        
                        The occurrence of few action
                           messages is an important indicator, because it shows that the planner
                           and the system have acted in a timely fashion on action messages in the
                           past, that the plans at each level are aligned, and that there is a good
                           chance of successful plan execution and positive performance
                           measurements. For this to occur, the system needs adequate schedule
                           stability. In addition, planners need to have incorporated appropriate
                           planning parameters or formal rules into the planning system and need to
                           be vigilant in handling exceptions.

                        
                        

                     

                  
                  
                  
                  When assessing MRP performance,
                     however, one should remember the influence on performance of issues beyond the
                     control of the system or planner. For example, excessive levels of inventory
                     could be related to policy issues such as determining lot size by volume
                     discounts offered by suppliers or errors in forecasting. Suppliers may delay
                     deliveries. Customers may change orders at the last minute. While these cannot
                     be controlled, a pattern of issues in these areas would call for further
                     analysis of the problem and design of possible solutions. For example, a pattern
                     of late deliveries from one supplier might trigger re-sourcing of the materials.
                     Persistent forecasting errors might call for increased training and/or forecast
                     process improvements.

                  
                  
                  While planners
                     may not be able to control all MRP performance issues, planners need to be
                     vigilant regarding all data that is used in the MRP process. When issues are
                     found in routings, BOMs, or item master data, planners need to ensure these
                     source files are promptly corrected so that it will be easier to maintain a
                     valid priority plan going forward.

                  
               
               

            
            

         
         
   
      
         
         
         
         Section D: CRP and Scheduling

         
         
         
         
            
            
            
               After completing
                  this section, students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Understand how
                     capacity requirements planning (CRP) and material requirements planning
                     (MRP)-based scheduling fit into the manufacturing planning and control
                     model

                  
                  

               
               
               
               	
                  
                  
                  List the process
                     steps used in the CRP model

                  
                  

               
               
               
               	
                  
                  
                  Understand the
                     advantages and limitations of CRP

                  
                  

               
               
               
               	
                  
                  
                  Understand the
                     purpose of MRP-based scheduling

                  
                  

               
               
               
               	
                  
                  
                  Describe the
                     inputs, scheduling and dispatching process steps, and outputs of MRP-based
                     scheduling

                  
                  

               
               
               
               	
                  
                  
                  Differentiate
                     infinite and finite capacity loading

                  
                  

               
               
               
               	
                  
                  
                  Understand the
                     decision points involved in authorizing production

                  
                  

               
               
               
               	
                  
                  
                  Describe situations
                     that may result in needing to change resources committed to the timetable
                     and ways to prevent such situations

                  
                  

               
               
               
               	
                  
                  
                  Explain the steps
                     in the final assembly scheduling process

                  
                  

               
               
               
               	
                  
                  
                  Identify sources of
                     demand to be considered in the final assembly schedule (FAS)

                  
                  

               
               
               
               	
                  
                  
                  Manage the
                     consequences of an unrealistic FAS

                  
                  

               
               
               
               	
                  
                  
                  Plan and coordinate
                     changes in inventory levels, backlog, capacity, customer orders, time
                     fences, product/process designs, and incoming supplies to the FAS

                  
                  

               
               
               
               	
                  
                  
                  Measure actual
                     performance against the FAS.

                  
                  

               
               

            
            
            
            This section addresses CRP, MRP-based scheduling, and final
               assembly scheduling. The final assembly schedule directs how to make or assemble
               actual customer orders in a make- or assemble-to-order environment.

            
            

         
         
         
         
   
      
         
         
         
         Capacity
            Requirements Planning

         
         
         
         
            
            
            The step that occurs
               after material requirements planning in traditional manufacturing
               planning and control is capacity requirements planning (CRP) to validate
               capacity in detail. CRP is discussed here in terms of its process,
               its advantages and disadvantages, and how it is used in finite capacity
               scheduling systems.

            
            

         
         
         
         
         
            
            
            CRP in MPC

            
            
            
            
               
               
               Exhibit 4-81,
                  the manufacturing planning and control diagram, shows where capacity requirements
                  planning (CRP) fits. The key planning input is the material requirements plan
                  (MRP). On the capacity planning side, CRP helps validate that all
                  resources have sufficient capacity for the MRP.

               
               
               
               
                  Exhibit 4-81: Manufacturing Planning and Control[image: This diagram represents the integration of demand-side activities, strategic and business planning, priority planning, supply-side activities, and production activity control in a manufacturing environment. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               

            
            

         
         
         
         
            
            
            CRP Model

            
            
            
            
               
               
               The
                  detailed capacity planning process is conventionally equated with capacity requirements planning (CRP), which is defined in part in the ASCM Supply Chain Dictionary as

               
               
               
               
                  
                  the function of
                     establishing, measuring, and adjusting limits or levels of capacity. In this
                     context, the term refers to the process of determining in detail the amount of
                     labor and machine resources required to accomplish the tasks of
                     production.

                  

               
               
               
               The CRP process validates material requirements
                  planning (MRP) by waiting until MRP plans open and planned production orders before
                  checking against capacity. Capacity in CRP is usually considered to be infinite, or
                  capable of expanding to fulfill priority plans, because MRP due dates have a high
                  priority and are not very flexible while capacity is assumed to be able to
                  accommodate due date priorities.

               
               
               
               The CRP process steps are shown in Exhibit 4-82. As with MRP, CRP is
                  an automated system, but in order for you to understand how it works, we need to
                  consider what is going into the system, what processes are taking place inside it,
                  and what output it is providing to the planner.

               
               
               
               
                  Exhibit 4-82: CRP Process[image: A circular flowchart illustrating the process of Capacity Requirements Planning (CRP). The flowchart outlines five sequential steps involved in Capacity Requirements Planning (CRP): Determine load on resources over a period of time; Simulate scheduling of load at work centers by period; Create work center load reports; Resolve load-capacity imbalances; Prepare operating plan for execution.]
               
               
               
               
               
                  
                  
                  	
                     
                     
                     Step A. Determine load on resources over
                        a defined time period. This requires input about the anticipated load from
                        the master production schedule (MPS) and the MRP system, but it also
                        requires knowing what the operation’s capacity is and how capacity might be
                        affected by other sources of load and the business’s priorities.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Step B. Using backward scheduling,
                        simulate the scheduling of load at work centers by period, assuming infinite
                        capacity. Forward scheduling and finite capacity can be used, but this is
                        less common. Note that backward scheduling starts from the due date and
                        works backward to plan prior events, while forward scheduling does the
                        opposite. An infinite capacity assumption means that the load for any given
                        period will not be limited by a maximum capacity level, as would be the case
                        if finite capacity planning is used.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Step C. Create work center load capacity
                        profiles for each period. Load and available resources are compared to
                        identify imbalances.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Step D. Resolve load-capacity
                        imbalances.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Step E. Prepare the operating plan for
                        execution.

                     
                     

                  
                  

               
               
               
               If imbalances between load and capacity can
                  be resolved at step D, the elements of a workable plan for execution will be in
                  place. The plan will enable production control to perform its dispatching,
                  bottleneck management, sequencing, and input/output control functions and meet
                  priority objectives. The operating plan may be further refined during the execution
                  phase to account for changes in work orders, material shortages, and worker and
                  machine productivity.

               
               
               
               If the load-capacity imbalance cannot be
                  resolved, the planner will first try to make required capacity available. After
                  analyzing work center load reports and attempting to balance load and capacity,
                  planners still might not be able to resolve the imbalances. In such cases, the MPS
                  must be revised. The revisions will be exploded by the next MRP run and used by CRP
                  to create revised work center load reports for additional evaluation and possible
                  action by the planner. Revising the MPS is a short-term solution. Chronic
                  overloading of production is a sign that the planner will need to request that
                  management increase capacity. Failure to do so will put revenue and customer service
                  goals at risk.

               
               
               
               
                  
                  Advantages of CRP

                  
                  
                  
                  For those
                     manufacturing operations that can use capacity requirements planning, this
                     approach offers benefits.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Since CRP
                           provides time-phased visibility of load and capacity imbalances for over
                           the entire planning horizon (short, mid, and long term), it can reveal
                           underloads and overloads and allows planners to act before problems
                           become crises.

                        
                        

                     
                     
                     
                     	
                        
                        
                        CRP can be
                           used as a simulation tool during the planning process to evaluate
                           proposed changes in planning factors, such as changed lot sizes and
                           routings, before they are put in place.

                        
                        

                     
                     
                     
                     	
                        
                        
                        CRP uses
                           more-detailed lead-time data than material requirements planning,
                           providing a scheduled start date for each operation.

                        
                        

                     
                     
                     
                     	
                        
                        
                        CRP helps
                           reduce erratic lead times by providing data the planner can use to level
                           work center loads. Leveling tends to make queue times much more
                           consistent and manageable, which contributes to lead-time
                           control.

                        
                        

                     
                     

                  
                  
                  
               
               
               
               
                  
                  Limitations of CRP

                  
                  
                  
                  CRP is
                     not meant to determine day-to-day decisions and shop floor actions; these are a
                     function of the scheduling and capacity control checks as part of production
                     activity control.

                  
                  
                  
                  There are
                     other limitations as well.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        CRP
                           requires manual input to resolve action items. Its application, however,
                           is restricted to the solution of fairly simple scheduling and capacity
                           management problems.

                        
                        

                     
                     
                     
                     	
                        
                        
                        CRP
                           requires an extensive amount of accurate input data. Routing, work
                           center, utilization, and efficiency data must be as current and accurate
                           as possible. Note that information on capacity is very difficult to make
                           accurate because, in most environments, there will be daily variation in
                           efficiency and utilization.

                        
                        

                     
                     
                     
                     	
                        
                        
                        CRP
                           ultimately provides approximations in scheduling load. The data input
                           into CRP are often detailed (e.g., time of day of load), but CRP is
                           still an approximation of load separated into time periods.

                        
                        

                     
                     
                     
                     	
                        
                        
                        When the
                           MPS needs to be revised because of capacity imbalances, the MPS and the
                           MRP and CRP processes must be executed again to see if the changes had
                           the desired results.

                        
                        

                     
                     
                     
                     	
                        
                        
                        CRP does
                           not handle resource contention and the effects of secondary constraints
                           as well as finite scheduling techniques do. Traditional CRP systems
                           start with MRP, then check capacity, and then alert MRP if the order is
                           feasible or not. The MRP system then adjusts priorities. To meet their
                           strategic goals, many businesses must be responsive to customer orders
                           without holding excessive levels of inventory. This has shortened the
                           material and capacity planning feedback loop to the point that material
                           and capacity are planned simultaneously. This is accomplished through
                           computer programs that use finite capacity scheduling or loading to
                           revise priorities and level loads operation by operation. In finite
                           scheduling or loading, capacity is a constraint that is managed by
                           revising priorities to level loads operation by operation.

                        
                        

                     
                     

                  
                  
                  
                  Resource contention and secondary
                     constraints are discussed next.

                  
                  
                  
                  
                     
                     
                     
                        Resource Contention and
                           CRP
                        

                     
                     
                     
                     
                     The problem of
                        resource contention occurs when capacity appears to be sufficient at a CRP
                        level but is in fact not sufficient because of the timing of products
                        passing through the same work center. Resource contention results in delays
                        and can remain undetected in the capacity plan unless finite capacity
                        planning methods are employed.

                     
                     
                     
                     Exhibit 4-83 and Exhibit 4-84 show the issue. Exhibit 4-83 shows the planned capacity, while Exhibit 4-84 shows what
                        happens during execution. As planned, machines X and Y each have eight hours
                        of available capacity. Parts 1 and 2 each require eight hours of load. The
                        capacity available (eight hours for each machine) exactly meets the load
                        requirements for the day 1 planning period.

                     
                     
                     
                     
                        Exhibit 4-83: Capacity as Planned[image: A table showing the capacity requirements planning for two machines, X and Y, over one day, with calculations for starting available capacity, required load, net remaining hours, and sufficient capacity status. Go to long description for more details.]
                     
                        Go to long description.
                        

                     
                     
                     
                     
                     
                        Exhibit 4-84: Capacity as Executed[image: A table showing the scheduling and load of two machines, X and Y, over two days, with visual indicators for idle, late, and on-schedule statuses. Go to long description for more details.]
                     
                        Go to long description.
                        

                     
                     
                     
                     
                     Exhibit 4-84 shows the
                        actual situation: The parts cannot be worked on by machine Y until they have
                        been completed by machine X. Machine Y is therefore idle for the first half
                        of day 1. The correct sequencing of work means that work on part 2 will not
                        be completed until day 2. This will push the day 2 orders off schedule,
                        necessitating rescheduling or overtime to complete the orders in that
                        period.

                     
                     
                     
                  
                  
                  
                     
                     
                     
                        Secondary Constraints and
                           CRP

                     
                     
                     
                     
                     Let’s assume that the
                        primary constraint on an order is its due date. A secondary constraint is an
                        additional factor that will complicate meeting the first constraint. For
                        example, a work center has five machines that can produce a certain part,
                        but only one machine is equipped with the required tool set for a specific
                        order. The primary constraint for part A is the requirement of eight hours
                        of machine time. The secondary constraint is that it has to be a particular
                        machine. The actual capacity of the work center is only one-fifth of the
                        assumed capacity—not five machines multiplied by eight hours or 40 hours,
                        but one machine multiplied by eight hours, or eight hours of capacity.

                     
                     
                     
                     The same thing can happen with
                        personnel. Any part requiring operators with specialized training is limited
                        in capacity to the hours these individuals are available.

                     
                     
                     
                     A partial solution is to produce
                        additional load reports showing capacity requirements for the secondary
                        constraint. This approach can increase the planner’s manual workload
                        considerably.

                     
                     
                  
               
               

            
            

         
         
         
         
            
            
            CRP in Finite Capacity Scheduling
               Systems

            
            
            
            
               
               
               Many
                  enterprise resources planning (ERP) systems feature a closed-loop
                  process that relies on feedback from subsequent stages of the manufacturing
                  process to adjust and improve preceding activities. These are finite
                  capacity scheduling systems. Here we examine how capacity requirements
                  planning (CRP) works when it uses finite capacity assumptions, starting
                  with master scheduling and then during execution.

               
               
               
               
                  
                  Interaction
                     of CRP with Master Scheduling

                  
                  
                  
                  
                  CRP is performed
                     at a level below master scheduling. The summarized and selective data
                     used for rough-cut capacity planning may or may not come from the
                     same files that provide the detailed CRP data.

                  
                  
                  
                  Therefore, the
                     master scheduler should monitor key work center capacities to verify that
                     the master scheduling process is not causing overloads. Regular
                     overloads may indicate that the data being used need to be revised;
                     regular underloads may indicate a need to revise data or may be
                     caused by business conditions (e.g., market conditions or competitive
                     activity).

                  
                  
               
               
               
               
                  
                  Interaction
                     of CRP and Execution

                  
                  
                  
                  
                  CRP prepares the operating
                     plan for execution in the job and batch manufacturing environment.
                     The planner and production control must work together. This collaboration
                     is supported by communication and feedback between the two groups. Key
                     points are summarized in Exhibit 4-85.

                  
                  
                  
                  
                     Exhibit 4-85: CRP and Execution Interaction[image: A circular diagram showing the continuous flow of information and responsibilities between the Planner and Production Control.. Two arrows flowing in the same direction surround a circle, each labeled to represent the roles of Planner and Production Control. In the center of the circle, a list of key activities is displayed: Plan and dispatch lists, order status and revisions, over-/under-capacity issues (both one-time and persistent).]
                  
                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        The planner shares
                           the weekly plan with production control.

                        
                        
                        
                        
                           
                           
                           	
                              
                              
                              Production control
                                 uses the plan to deploy labor and other resources.

                              
                              

                           
                           
                           
                           	
                              
                              
                              The planner and production control meet
                                 weekly to review issues, such as unexpected capacity constraints.

                              
                              

                           
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Production control releases
                           orders for managing the queues at the gateway work centers. A gateway work center is “a work
                           center that performs the first operation of a particular routing
                           sequence” (ASCM Supply Chain Dictionary).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Work is prioritized by production control
                           based on CRP dispatch lists.

                        
                        
                        
                        
                           
                           
                           	
                              
                              
                              The dispatch lists
                                 are updated frequently, usually daily.

                              
                              

                           
                           
                           
                           	
                              
                              
                              Dispatchers must recognize capacity limitations,
                                 or work-in-process will increase.

                              
                              

                           
                           
                           
                           	
                              
                              
                              The planner and production control agree
                                 on priority rules for effective dispatching.

                              
                              

                           
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Order status is updated by production control—if
                           possible, daily, since this information is a key input to CRP.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Production control identifies past-due
                           orders and reschedules them after conferring with the planner, if
                           necessary.

                        
                        

                     
                     
                     
                     	
                        
                        
                        If production control sees that bottlenecks
                           and excessive lead times are developing on the shop floor as a result
                           of errors in planning, this information is communicated to the planner.

                        
                        

                     
                     

                  
                  
                  
               
               

            
            

         
         
   
      
         
         
         
         MRP-Based
            Scheduling

         
         
         
         
            
            
            Here we introduce material
               requirements planning (MRP)-based scheduling and examine the interfaces
               that pass key planning, scheduling, and control information between
               the production activity control activities and the manufacturing
               planning and control processes of material requirements planning
               and capacity requirements planning.

            
            

         
         
         
         
         
            
            
            MRP-Based Scheduling
               in PAC

            
            
            
            
               
               
               Material
                  requirements planning (MRP) is the most detailed level of planning.
                  MRP-based scheduling therefore moves into the realm of plan execution. Exhibit 4-86,
                  the manufacturing planning and control diagram, shows where MRP-based
                  scheduling fits; it is shown as “Scheduling” within the production
                  activity control (PAC) area. Note how a feedback loop is used during
                  execution to control capacity at the work center level.

               
               
               
               
                  Exhibit 4-86: MRP-Based Scheduling is Part of PAC[image: This diagram represents the integration of demand-side activities, strategic and business planning, priority planning, supply-side activities, and production activity control in a manufacturing environment. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               MRP-based scheduling is
                  a transaction-intensive method that schedules work center operations
                  and sequences using work orders.

               
               
               
               Note that MRP-based
                  scheduling is not the only method of scheduling. Additional scheduling
                  methods include theory of constraints (TOC) scheduling and lean scheduling.
                  MRP-based schedules are based on a forecast in make-to-stock environments
                  or are developed after orders are received in make-to-order environments.
                  In contrast, in lean-based scheduling, when customers “pull” items from
                  a supplier’s finished goods inventory, the supplier begins production
                  of replacement items. This encourages a high degree of supply chain
                  cooperation between the supplier and the customer and works best
                  with relatively stable and continuous demand patterns. TOC scheduling
                  can be used to help an operation produce outputs at the rate of
                  demand or at the operation’s maximum throughput rate if this is
                  less than the demand rate, so it is best used when capacity faces constraints
                  related to system complexity.

               
               

            
            

         
         
         
         
            
            
            Inputs and Outputs to the Scheduling
               and Control Process

            
            
            
            
               
               
               It’s important to understand
                  the inputs and outputs of scheduling and control.

               
               
               
               
                  
                  Inputs
                     from MRP and CRP to Scheduling and Control

                  
                  
                  
                  The
                     interfaces between planning and scheduling are the points at which
                     planning information from capacity requirements planning (CRP) and
                     material requirements planning (MRP) are communicated to the scheduling
                     and control activities. Exhibit 4-87 shows
                     the interface between detailed material and capacity planning and
                     shop floor and vendor scheduling.

                  
                  
                  
                  
                     Exhibit 4-87: MRP and CRP Interfaces[image: A flowchart showing the relationship between detailed capacity planning, detailed material planning, and the execution of material plans. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  As you can
                     see, the capacity requirements plan is critical to shop floor scheduling
                     and control. If the schedule is not supported by available capacity,
                     shop floor control will not be able to

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Maintain
                           appropriate backlog levels.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Improve
                           delivery performance.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Achieve
                           output targets.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Achieve
                           the material requirements plans that drive the delivery schedules
                           for end items and components to achieve the master production schedule
                           (MPS).

                        
                        

                     
                     

                  
                  
                  
                  The
                     exhibit also illustrates that the material requirements plan provides
                     critical information that supports the authorization and release
                     of work orders and ensures that suppliers provide the right parts
                     at the right time to achieve the MPS.

                  
                  
               
               
               
               
                  
                  Outputs
                     from Scheduling and Control to MRP and CRP

                  
                  
                  
                  Important feedback information flows from
                     scheduling, control, and vendor scheduling back to MRP and CRP,
                     including

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Status information that
                           includes operation completions, quantity verifications, order closeout
                           and disposition, and accounting data

                        
                        

                     
                     
                     
                     	
                        
                        
                        Warning
                           signals that include inadequacies in material and capacity plans
                           that might affect achievement of the MPS.

                        
                        

                     
                     

                  
                  
               
               

            
            

         
         
         
         
            
            
            Capacity and Loading

            
            
            
            
               
               
               The availability of capacity is a major consideration
                  in scheduling and the execution of the actual work. A key step in
                  the scheduling process is to determine if sufficient capacity is
                  available when needed to execute the operation.

               
               
               
               Loading involves scheduling jobs to work centers
                  and to various machines within the work center. When a job can be
                  loaded on multiple work centers or machines and there are multiple
                  jobs to process, the scheduling process is more complex. The scheduler
                  needs some way to assign jobs to the centers so that processing
                  and setups are minimized along with idle time and throughput time.

               
               
               
               Two approaches
                  are used for loading work centers: infinite loading and finite loading (or
                  finite scheduling). Loading is the calculation of the capacity required,
                  based on operations setup and run time by period, at work centers
                  in the product routing. Capacity required is the rate at which work
                  needs to get done.

               
               
               
               
                  
[image: ../images/4-d-t02_3_-_capacity_and_loading_01_id177RAD00NHK_mathml_147_width_1010.png]

                  

               
               
               
               The ASCM Supply Chain Dictionary defines
                  infinite and finite loading as follows:

               
               
               
               
                  
                  Infinite loading: Calculation of the capacity
                     required at work centers in the time periods required regardless
                     of the capacity available to perform this work.

                  
                  Finite loading: Assigning no more work to
                     a work center than the work center can be expected to execute in
                     a given time period.

                  

               
               
               
               Exhibit 4-88 illustrates
                  the loading of work center 200 over a five-week period for all products.
                  Note that this load profile contains primarily released orders (darker shading)
                  but it also contains some planned orders (lighter shading).

               
               
               
               
                  Exhibit 4-88: Infinite versus Finite Loading[image: Two bar graphs showing the load profiles for work center 200 (including all products) comparing infinite load capacity profile (CRP) and finite load capacity profile. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               With infinite loading,
                  jobs are assigned to work centers without regard for the capacity
                  of the work center, as shown in the top of Exhibit 4-88.

               
               
               
               Priority rules are appropriate
                  for use under the infinite loading approach. Jobs are loaded at
                  work centers according to the chosen priority rule.

               
               
               
               Finite
                  loading projects the actual start and stop times of each job at
                  each work center, as seen in the bottom of Exhibit 4-88.
                  It considers the capacity of each work center and compares the processing
                  times so that process time does not exceed capacity. Finite loading
                  can be done on a vertical loading basis (each work center is scheduled independently)
                  or a horizontal loading basis (whole orders are scheduled across multiple
                  work centers at the same time). In either case, once a given work
                  center is full to its capacity, future orders will need to be scheduled
                  in the next available period or a different order will need to be
                  de-expedited or rescheduled.

               
               
               
               With finite vertical
                  loading, each work center would be fully loaded. Of course, this would
                  mean that a higher-priority job would then have to wait to be processed
                  if the work center is already busy.

               
               
               
               When using finite horizontal
                  loading, there may be gaps in the schedule for a given work center,
                  and the scheduler can then project the number of hours each work center
                  will operate if this is less than full time (and the operators might
                  help out elsewhere if cross-trained). The scheduler will have to
                  weigh the relative costs of keeping higher-priority jobs waiting,
                  the cost of idle work centers, the number of jobs and work centers,
                  and the potential for disruptions, new jobs, and cancellations.

               
               
               
               If the organization has
                  limited ability to increase capacity (e.g., is already running three
                  shifts), finite loading would be appropriate, since it reflects
                  an upper limit on capacity. If infinite loading is used, capacity
                  may have to be increased through overtime, subcontracting, or expansion,
                  or work may have to be shifted to other periods or machines.

               
               

            
            

         
         
         
         
            
            
            Scheduling and Dispatching Processes
               and Interfaces

            
            
            
            
               
               
               There are two sets of scheduling
                  interfaces.

               
               
               
               The
                  first—the communication between material requirements planning (MRP)
                  and capacity requirements planning (CRP) and the scheduling of the
                  production activity control (PAC) activities—is illustrated in Exhibit 4-89.

               
               
               
               
                  Exhibit 4-89: PAC Scheduling Interfaces[image: A flowchart showing the relationship between MRP, CRP, and PAC, along with their interaction with work centers.]
               
               
               
               
               The scheduling process
                  works as follows.

               
               
               
               
                  
                  
                  	
                     
                     
                     Step 1: MRP passes scheduling updates and
                        authorization to release planned orders to PAC.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Step
                        2: PAC converts planned orders into detailed work center operations schedules
                        and load profiles.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Step
                        3: PAC requests that CRP validate capacity availability to meet
                        the planned load.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Step
                        4: CRP validates the load profile, if it has not done so previously.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Step
                        5: PAC adjusts capacity or the schedule if CRP deems it necessary.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Step
                        6: PAC informs MRP, as necessary.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Step
                        7: PAC releases the work orders to the work centers.

                     
                     

                  
                  

               
               
               
               This interface scenario
                  applies in job shop batch production.

               
               
               
               The second set of scheduling
                  interfaces is between PAC and MRP, as seen in Exhibit 4-90.
                  This occurs after PAC releases orders to production (for example,
                  to the shop floor) and is called dispatching.

               
               
               
               
                  Exhibit 4-90: PAC Control Interfaces[image: A flowchart showing the interaction between MRP and PAC, with connections to work centers.]
               
               
               
               
               The dispatching process
                  illustrated in Exhibit 4-90 is
                  as follows.

               
               
               
               
                  
                  
                  	
                     
                     
                     Step 1: Release (dispatch)
                        orders to work center of production.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Step
                        2: Gather data on performance of work orders compared to planned schedules.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Step
                        3: Feedback to MRP.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Step
                        4: Gather work-in-process, lead-time, and queue data.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Step
                        5: Feedback to MRP.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Step
                        6: Gather work center efficiency, operation times, order quantities,
                        and scrap data.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Step
                        7: Feedback to MRP.

                     
                     

                  
                  

               
               
               
               Control interfaces in
                  a job shop with manufacturing planning and control processes such
                  as MRP reflect the complexity, transaction intensity, and reporting
                  frequency requirements of MRP-based PAC systems.

               
               

            
            

         
         
         
         
            
            
            Executing the MRP Schedule

            
            
            
            
               
               
               Execution of the material requirements planning
                  (MRP) schedule turns the operations plan into reality. In a push
                  environment, MRP scheduling uses work orders (generated from a forecast/demand)
                  to “push” work through production in a sequential order. Push production
                  scheduling answers the “what” and “when” question from the shop floor—what
                  work order should the organization make next, when will it finish,
                  what should the organization do after that. In flow manufacturing,
                  where the “flow” is in batches, MRP schedules the work center operations
                  sequentially.

               
               
               
               The output of the scheduling
                  process is the release of the work order, as seen in Exhibit 4-91.

               
               
               
               
                  Exhibit 4-91: Authorizing Production[image: A flowchart outlining the process for order review and release. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               Before authorization
                  to release, the MRP system will first verify that the materials
                  and tooling are available. If so, the MRP system will then verify
                  the availability of work centers at the required levels of capacity.
                  Given these prerequisites, the MRP system will recommend releasing
                  work orders based on their required lead times. The planner generally
                  needs to actively release these orders in the system, which gives him
                  or her a chance to set priorities or make other adjustments.

               
               
               
               The significance of each
                  of the steps in the process is detailed in Exhibit 4-92.

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 4-92: Authorization Steps
                        
                        
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Authorization Steps

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Description/Significance

                                 
                                 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Receive authorization to release order.

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Authorization to release is based on

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Current priority

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       MRP
                                          planned orders

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Capacity
                                          requirements planning (CRP), batch process

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Production
                                          schedule

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Rate
                                          and duration of production run

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Flow
                                          manufacturing processes.

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Check tooling and material availability.

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 MRP software provides exception reports
                                    if component availability is not adequate. If MRP software is not
                                    used, production control must check manually to prevent

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Lengthening queues

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Aggravating
                                          bottleneck operations

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Extending
                                          lead times.

                                       
                                       

                                    
                                    

                                 
                                 
                                 
                                 Alternatives
                                    for resolving material shortages include

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Expediting
                                          orders (which will affect supplies and increase costs)

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Substituting
                                          materials and borrowing parts

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Building
                                          partially complete parts.

                                       
                                       

                                    
                                    

                                 
                                 
                                 
                                 Tooling is not considered in MRP and needs
                                    to be checked.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Check capacity requirements and availability.

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 If CRP has not been previously performed,
                                    it is necessary to determine if capacity is sufficient. Alternatives
                                    for increasing capacity or reducing or adjusting load need to be
                                    considered.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Release order to manufacturing.

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 This authorizes manufacturing to proceed
                                    with the shop order to make the items. The result is a shop packet.

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               
               
               Once schedules are finalized,
                  the production coordinator implements the schedule using a dispatching
                  process to release the planned orders as detailed shop packets. The
                  shop packet contains the manufacturing order as well as other information
                  useful to manufacturing.

               
               
               
               In many companies, the
                  shop packet is managed electronically. Physical shop packets are
                  still used in some pharmaceutical companies to comply with regulatory requirements.

               
               
               
               The manufacturing order
                  information that is useful in job shop batch processing includes

               
               
               
               
                  
                  
                  	
                     
                     
                     Shop order number, part
                        number, description, quantity

                     
                     

                  
                  
                  
                  	
                     
                     
                     Engineering
                        drawings

                     
                     

                  
                  
                  
                  	
                     
                     
                     Bills
                        of material

                     
                     

                  
                  
                  
                  	
                     
                     
                     Route
                        sheets, including operations to be performed, work centers, lead
                        times

                     
                     

                  
                  
                  
                  	
                     
                     
                     Material
                        issue tickets

                     
                     

                  
                  
                  
                  	
                     
                     
                     Tool
                        requisition authorizations

                     
                     

                  
                  
                  
                  	
                     
                     
                     Job
                        ticket for each operation

                     
                     

                  
                  
                  
                  	
                     
                     
                     Move
                        tickets authorizing movement between operations.

                     
                     

                  
                  

               
               
               
               Note the reliance on
                  these orders and job tickets to authorize the start of production and
                  subsequent operations at work centers in the routing.

               
               
               
               Only those orders that
                  have the necessary materials, equipment, and capacity should be
                  released, to prevent build-ups of work-in-process inventory. Implementation includes
                  providing various authorizations such as tool requisitions and job
                  tickets.

               
               
               
               
                  
                  Resources
                     Committed to a Timetable

                  
                  
                  
                  
                  Good resource scheduling
                     methodology is essential to execution and control. Schedules are
                     critical for resource allocation and personnel decisions, communications
                     and training, machine productivity, labor productivity, and, ultimately,
                     profitability. Coordinators cannot assume infinite capacity; therefore,
                     it is important to understand the activities that could arise that
                     will require adjustments to the existing schedule.

                  
                  
                  
                  The following activities
                     or situations may require an adjustment to resources that have been
                     committed:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Rush/expedited orders. A rush
                           order is an order that must be completed in less than the normal
                           lead time. The need to expedite an order could be the result of
                           a shortage of stock, a spike in orders, or even a breakdown in equipment.
                           Most organizations have safety stock for just this reason. However,
                           if safety stock does not meet the need, then schedules will need
                           to be adjusted to accommodate the “rush” order. This may require
                           delaying other scheduled items.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Resolving imbalances. Managing
                           and resolving imbalances is about managing the capacity available
                           at each workstation or operation. If product mix or production time
                           varies greatly, workflow has a tendency to get out of balance, and
                           it must be scheduled to accommodate these fluctuations. One of the
                           tools that scheduling can use to reestablish the balance is queuing.
                           Allowing queues between workstations is one approach that alleviates
                           the variation problem. Rescheduling nonessential production orders
                           and using alternative work centers are two additional options to
                           rebalance load and capacity at a work center.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Schedule composition. The MRP
                           schedule disaggregates the timing and need for components based
                           on the end-product demand. The master production schedule drives
                           the entire MRP system. The quantities in a master schedule come
                           from a number of different sources. The accuracy of those sources
                           impacts the accuracy of the schedule.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Capacity-constrained
                              resources (CCRs). The existence of CCRs (near bottlenecks) may
                           require rationing of these elements, factors, or materials to higher-priority
                           orders. CCR is a term from the theory of constraints.

                        
                        

                     
                     

                  
                  
                  
                  The following activities
                     help prepare for and even possibly prevent the need to adjust resources
                     that have been committed to a timetable.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Manufacturing
                              lead time. This is the total time required to manufacture an
                           item, exclusive of lower-level purchasing lead time. For make-to-order
                           products, it is the length of time between the release of an order
                           to the production process and shipment to the final customer. For
                           make-to-stock products, it is the length of time between the release
                           of an order to the production process and receipt into inventory.
                           Included are order preparation time, queue time, setup time, run
                           time, move time, inspection time, and put-away time.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Time fence policies. Planning
                           and demand time fence policies restrict changes to the master production
                           schedule inside the planning time fence, which should be just beyond
                           the cumulative lead time for an end item. Time fence policies are
                           a good way to manage changes to planned orders and the corresponding
                           impact on the overall schedule. Time fence management is a good
                           example of how planning at a higher level can have a major impact
                           on the stability of the production schedule for end items at the
                           execution level.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Time standard. Time standards
                           can be determined or revalidated. The ASCM Supply Chain Dictionary defines time standard as follows:

                        
                        
                        
                        
                           
                           The
                              predetermined times allowed for the performance of a specific job.
                              It often consists of two parts, one for machine setup and one for
                              actual running. A time standard can be developed through observation
                              of the actual work (time study), summation of standard micromotion
                              times (predetermined or synthetic time standards), or approximation
                              (historical job times).

                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Final assembly scheduling. Final
                           assembly scheduling is used in ATO and MTO manufacturing environments
                           and in other packaging operations in other environments as a way
                           to shorten lead times. It uses the planning bill of material for
                           the average final product. It configures previously master-scheduled
                           parts and subassemblies into final products when customer orders
                           arrive. FAS eliminates the need for high levels of finished goods
                           inventory to meet customer lead time and product variety expectations.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Maintenance on equipment. Maintenance
                           activities contribute to the reliability of operations, quality,
                           and on-time delivery schedules. The master scheduler should work
                           closely with the maintenance department to schedule maintenance on
                           equipment, such as by blocking off time. There are three types of
                           maintenance activities: preventive, predictive, and remedial.

                        
                        
                        
                        
                           
                           
                           	
                              
                              
                              Preventive maintenance includes
                                 activities such as adjustments, replacements, and basic cleanliness.
                                 The objective is to prevent breakdowns, maintain machine productivity
                                 and consistency of output, and prolong the life of machines. Preventive
                                 maintenance should begin with the work centers that are most critical
                                 to the flow of goods, those that are used as pace setters or are bottlenecks.

                              
                              

                           
                           
                           
                           	
                              
                              Predictive maintenance is based
                                 on nondestructive testing and statistical analysis such as mean
                                 time between failures or real-time monitoring of performance using
                                 sensor data. Its objectives are to predict when required maintenance
                                 should be scheduled before a machine breaks down and to perform
                                 maintenance in a way that minimizes interference with machine availability.

                              

                           
                           
                           
                           	
                              
                              
                              Remedial maintenance is defined
                                 in the ASCM Supply Chain Dictionary as “unscheduled maintenance
                                 performed to return a product or process to a specified performance
                                 level after a failure or malfunction.”

                              
                              

                           
                           

                        
                        

                     
                     

                  
                  
               
               

            
            

         
         
   
      
         
         
         
         Final
            Assembly Scheduling

         
         
         
         
            
            
            Each of the
               final assembly schedule (FAS) process steps is addressed here in
               detail. After that, we cover using the FAS, which involves working
               with actual customer orders while balancing capacity. We also discuss
               how to plan and coordinate FAS changes and monitor FAS performance.

            
            

         
         
         
         
         
            
            
            FAS Road Map

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary defines final assembly schedule (FAS) as
                  follows:

               
               
               
               
                  
                  A
                     schedule of end items to finish the product for specific customers’
                     orders in a make-to-order or assemble-to-order environment. It is
                     also referred to as the finishing schedule because it may involve
                     operations other than the final assembly. Also, it may not involve
                     assembly (e.g., final mixing, cutting, packaging). The FAS is prepared
                     after receipt of a customer order as constrained by the availability
                     of material and capacity, and it schedules the operations required
                     to complete the product from the level where it is stocked (or master
                     scheduled) to the end-item level.

                  

               
               
               
               
                  
                  Why FAS Is Needed for MTO and ATO Products

                  
                  A
                     final assembly schedule is not needed for make-to-stock (MTS) products.
                     With MTS, the raw materials are numerous but there are comparatively
                     few end products, so the master production schedule (MPS) is created
                     for the end items. Engineer-to-order also doesn’t use an FAS because
                     the product, such as a building, is fully specified before manufacturing
                     begins.

                  
                  
                  However, an FAS
                     is needed for make-to-order (MTO) and assemble-to-order (ATO) products.
                     This is because an important principle of master scheduling is to
                     master-schedule at the point where the fewest product options exist.

                  
                  
                  For MTO, there are relatively few raw materials
                     but the possible range of products that can be custom-made is much
                     larger. Therefore, the MPS occurs at the raw materials stage and
                     the FAS is used instead to schedule the end products. For example, a
                     custom window manufacturer would create an MPS for glass sheets
                     that would later be cut to size, etc.

                  
                  
                  For
                     ATO, the raw materials are many but they are narrowed down into
                     relatively few modules or optional features, so the MPS is created
                     for the modules or options. Then an FAS becomes necessary to schedule
                     the custom configurations of end products.

                  
                  
                  
                  The rationale behind placing the MPS at
                     the choke point of where there are the fewest things to plan is
                     about managing complexity and improving forecasting. Take the ATO product
                     of a computer with three motherboard options, ten RAM options, eight
                     long-term storage options, six graphics cards, and two cooling configurations.
                     That creates 2,880 possible master production schedules:

                  
                  
                  
[image: ../images/4-d-t03_1_-_fas_road_map_01_id228H80BL0Y4_mathml_148_width_583.png]


                  
                  
                  Since this is not
                     feasible and would create a forecasting error nightmare, instead
                     the options are master-scheduled:

                  
                  
                  
[image: ../images/4-d-t03_1_-_fas_road_map_02_id228H80EB0UI_mathml_149_width_1154.png]


                  
               
               

            
            

         
         
         
         
            
            
            FAS Process

            
            
            
            
               
               
               Here we go
                  into detail on the steps in the final assembly scheduling process,
                  as shown in Exhibit 4-93.

               
               
               
               
                  Exhibit 4-93: FAS Process Steps[image: A flowchart showing five steps in the final assembly scheduling process. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               The final assembly
                  schedule (FAS) involves finishing end items to customer expectations.
                  The job of the FAS is to drive the staging of components and parts
                  to feed a series of work centers or an assembly line where each
                  item has unique options specific to individual customer orders.

               
               
               
               FAS schedules
                  the operations required to complete the product from the level where it
                  is stocked (or master-scheduled) to the end-item level. An important
                  distinction is that the master production schedule (MPS) is the
                  anticipated build schedule while the FAS is the actual build schedule.

               
               
               
               Step 1 is the customer order. FAS schedules
                  only things that are actually ordered. No forecasting is involved.

               
               
               
               Step 2 is a capacity
                  check, and this usually occurs at the rough-cut capacity planing level.

               
               
               
               Step
                  3 for make-to-order (MTO) involves determining raw material availability.
                  Since customers have considerable influence over the final design,
                  MTO production has higher risks of production disruptions than assemble-to-order
                  (ATO). Step 3 for ATO involves determining module or component availability.
                  Since customers have no influence to customize the modules or components
                  themselves, this reduces risks of production disruptions. ATO organizations
                  may use a two-level MPS to help with order promising at this point.

               
               
               
               Step 4 is where the
                  FAS is created.

               
               
               
               Step 5 involves ensuring
                  that the production totals in the FAS are within the overall constraints
                  set in the MPS. For MTO, this is ensuring that raw materials or semifinished
                  components match production targets. For ATO, it is the same, except that
                  it looks at modules or features.

               
               
               
               
                  
                  Collecting Order Specifications

                  
                  
                  
                  
                  The sources of demand to be considered
                     in the FAS depend on the purpose of the FAS. For MTO and ATO manufacturing,
                     customer orders could come from any point of contact with the customer,
                     for example, online orders, orders at retail stores (e.g., an order
                     for custom blinds entered with the assistance of a sales representative
                     or through a kiosk), or from contractors through bids that have
                     been accepted by a customer. The FAS can also be used in the distribution
                     system, for example, bulk goods that are assembled into smaller
                     package sizes after orders come in. In this case, the customer may
                     be a retailer or other supply chain intermediary.

                  
                  
                  
                  Order specifications for MTO will need
                     to have associated constraints, such as raw material types or a
                     maximum length or width that can be ordered. These constraints could
                     be based on raw material availability or dimensions, engineering
                     requirements, and/or production equipment limitations. There should
                     also be a process of ensuring that custom orders can be produced
                     while maintaining profitability. Materials with longer lead times
                     could be disclosed to the customer to enable informed selection. Ordering
                     systems can have these constraints built into the order form. Here
                     are some examples of types of MTO order specifications:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Choice of raw materials
                           (e.g., fabric)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Size,
                           grade, and aesthetics

                        
                        

                     
                     
                     
                     	
                        
                        
                        Paint
                           or finish

                        
                        

                     
                     
                     
                     	
                        
                        
                        Packaging
                           and customized services (e.g., transportation mode)

                        
                        

                     
                     

                  
                  
                  
                  Order specifications
                     for ATO will be much simpler, since there will be a limited number
                     of options that are themselves not subject to customer influence.
                     Here are examples of ATO order specifications:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Modules or features
                           selected (size, grade, color, finishes, etc., built into the options)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Packaging
                           (e.g., number of items per unit) and service options

                        
                        

                     
                     

                  
                  
               
               
               
               
                  
                  Determining Capacity Required

                  
                  
                  
                  
                  Determining the capacity
                     required involves rough-cut capacity planning. In addition to reviewing
                     critical work center capacity against the load that the final assembly schedule
                     represents, it is also important for planners to review current
                     external sources of supply for items not kept in inventory in the
                     required quantity.

                  
                  
               
               
               
               
                  
                  Determining Components

                  
                  Determining
                     component availability involves reviewing customer order promising information
                     in the master production schedule, which could be available-to-promise (ATP)
                     or capable-to-promise (CTP). Each raw material or module selected
                     in the customer order would be referred to the MPS for that item,
                     where the ATP or CTP information per period is located.

                  
                  
                  
                  It is possible that
                     customer order promising could be delayed if there is uncertainty
                     in component availability, especially if lead times for production
                     vary considerably because lot sizes are small. One way that ATO
                     organizations sometimes improve order promising and enable larger
                     lot sizes is to use a two-level MPS.

                  
                  
                  A
                     two-level MPS is a system that runs an MPS for components and options
                     in an ATO environment but also maintains a separate master scheduling
                     system for common configurations of options in order to speed response
                     to these common customer orders. For example, if 30 percent of all
                     customer orders are of a particular configuration of options, then
                     30 percent of the demand forecast can be used as the demand input
                     for that configuration and it can be master-scheduled. This includes consuming
                     the forecast as orders come in, determining a projected available
                     balance per period, and determining ATP or CTP per period. Each
                     percentage-of-demand master schedule can also set its own lot sizes
                     to smooth out production as well as its own safety stock. The two
                     systems need to be tightly integrated to work. Note, however, that
                     this second level of MPS is yet another plan based on a forecast
                     and is not the FAS. The FAS will still set the exact end products
                     that will actually be produced and therefore can differ from these
                     master production schedules.

                  
                  
                  A two-level MPS is discussed at this point
                     because it helps with customer order promising in ATO environments
                     at the stage of determining components. This is because key components
                     need to be available for order promising to be reliable. Rather
                     than relying only on the ATP or CTP from the component-level master schedule,
                     a two-level MPS system can also rely on the ATP or CTP from its
                     percentage-of-demand master schedules.

                  
               
               
               
               
                  
                  Developing the FAS

                  
                  
                  
                  Creating the FAS to
                     support the demand plan involves determining the necessary operations
                     and scheduling their sequence. An FAS becomes the final set of requirements
                     for material requirements planning. In addition, the FAS will drive detailed
                     scheduling at work centers.

                  
                  
                  
                  The FAS at
                     the detailed scheduling level needs to address when orders are due. Forward,
                     backward, or hybrid forms of scheduling will be used at work centers
                     to determine when operations should be initiated to meet the due
                     date. The work center orders will include pick lists for parts and
                     an indented bill of material or product structure that indicates
                     the sequence of operations to develop subassemblies, final assembly
                     steps, painting or finishing steps, and packaging steps.

                  
                  
               
               
               
               
                  
                  Linking the FAS to the MPS

                  
                  
                  
                  
                  Because the master production
                     schedule is the priority plan for what should be built during a
                     period, linking the final assembly schedule back to the MPS helps
                     validate that these priorities are being honored.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Using the FAS

            
            
            
            
               
               
               Using
                  and maintaining the final assembly schedule (FAS) involves adjusting
                  planning factors or customer and supplier orders. The goal is to
                  keep the FAS in alignment with actual capacity and material constraints
                  set at the master production schedule (MPS) level while keeping
                  production efficient. Let’s start by seeing what can happen if the FAS
                  is unrealistic.

               
               
               
               
                  
                  Consequences of an Unrealistic FAS

                  
                  A final assembly schedule
                     is typically based on the backlog of work in the final assembly
                     area. This will be driven by actual customer orders, and most organizations will
                     make customer order promises based on how much backlog they currently
                     have. The backlog is typically expressed in periods such as days
                     or weeks of work.

                  
                  
                  The
                     consequences of producing an unrealistic FAS are similar to those
                     of producing an unrealistic MPS in that production priorities will
                     not be able to be honored, production efficiency and worker morale
                     may suffer, and customer orders will be negatively impacted. However,
                     the consequences of an unrealistic FAS can potentially be more severe
                     than those of an unrealistic MPS, because an FAS is based entirely
                     on actual customer orders and has no forecasted component, meaning
                     that any change will directly impact a customer order. Safety stocks
                     may exist only in the form of raw materials or modules. If so, the
                     only way to expedite an order will be to move it in front of other
                     customer orders, because everything needs manufacturing or assembly.

                  
                  
                  
                  Managing the consequences
                     of an unrealistic FAS can involve planning and coordinating changes
                     in various planning factors or other areas. Measuring FAS performance
                     is a proactive step to promote creation of a feasible and cost-effective FAS
                     in the first place.

                  
               
               
               
               
                  
                  Planning and Coordinating Changes

                  
                  
                  
                  
                  The FAS process may
                     require changes to fix short-term issues or proactive steps to reduce
                     the chance of future failures.

                  
                  
                  
                  In the short term, the primary way to change
                     the FAS is to re-prioritize customer orders by changing their operations
                     sequencing. This may require discussions with customers to determine
                     which customers will be willing to accept a lead time longer than
                     originally promised. When customer orders are shifted in sequence,
                     it is important to also review the impact on incoming supplies,
                     since these may have already been ordered. It may be necessary to
                     expedite some orders and request delays on others. Focusing on one
                     or more larger customer orders might fix a supply/demand imbalance
                     without impacting other orders significantly.

                  
                  
                  
                  Planning and coordinating longer-term changes
                     can involve changes in the following areas:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Inventory levels. MTO and ATO
                           organizations can adjust inventory levels of raw materials or components
                           by adjusting target ending inventories or revising safety stock
                           levels. This can create a buffer to enable FAS changes at the cost
                           of higher inventory levels.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Backlog sizes. If orders are
                           consistently being completed late, the maximum size of the production
                           queue can be reduced to more realistic levels. In this way, order promising
                           would schedule new orders in later periods. This can also help keep raw
                           materials and component inventory levels low since materials will
                           not be ordered until closer to when they will actually be produced
                           (rather than being ordered and then waiting in a queue).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Capacity. Rather than increasing
                           lead times, the organization can invest in more resources to alleviate
                           bottleneck areas. Since bottleneck areas might shift regularly due
                           to the variability of demand, this needs careful consideration.
                           Excess capacity has a cost, and the organization might also reduce
                           capacity in little-used work centers.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Time fences. Since only customer
                           orders are considered in the frozen zone defined by the demand time
                           fence, the FAS should be finalized by this period. In the slushy
                           zone, orders for raw materials and modules have been placed for purchase
                           or manufacture based on their master production schedules. Adjustments
                           may be made to the duration of the planning time fence to ensure that
                           the cumulative lead time for the longest potential configuration
                           of options can be accommodated.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Product and process designs. If
                           certain product configurations result in undesirable lead times
                           or production inefficiencies, unprofitable options or hard-to-source
                           raw materials might be removed from product options. Processes might be
                           redesigned to enable assembly to be faster. ATO works best with
                           products that have short lead times.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Supply factors. Order lot sizes
                           or supplier safety stock levels could be renegotiated, or closer
                           suppliers with shorter lead times might be found to ensure that
                           cumulative lead times for various configurations are short and consistent.

                        
                        

                     
                     

                  
                  
               
               
               
               
                  
                  Measuring FAS Performance

                  
                  
                  
                  
                  The only way
                     to know how and if the FAS process needs to be improved is to measure actual
                     performance against the FAS. The frequency and magnitude of variances
                     from the plan should be monitored over time. Here are some potential
                     FAS performance measurements:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Order
                           accuracy

                        
                        

                     
                     
                     
                     	
                        
                        
                        Product
                           quality

                        
                        

                     
                     
                     
                     	
                        
                        
                        Order
                           lead time

                        
                        

                     
                     
                     
                     	
                        
                        
                        Order
                           profitability

                        
                        

                     
                     
                     
                     	
                        
                        
                        Number
                           of orders requiring rescheduling

                        
                        

                     
                     

                  
                  
               
               

            
            

         
         
   
      
         
         
         
         Section E: Suppliers and Purchasing

         
         
         
         
            
            
            
               After completing
                  this section, students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Describe factors
                     in insourcing versus outsourcing decisions

                  
                  

               
               
               
               	
                  
                  
                  List objectives
                     for procurement and purchasing

                  
                  

               
               
               
               	
                  
                  
                  Describe
                     specifications needed for sustainable procurement

                  
                  

               
               
               
               	
                  
                  
                  List examples of
                     criteria considered in selecting suppliers

                  
                  

               
               
               
               	
                  
                  
                  Distinguish
                     among possible types of customer-supplier relationships

                  
                  

               
               
               
               	
                  
                  
                  List sourcing
                     alternatives: sole, single, multi-source

                  
                  

               
               
               
               	
                  
                  
                  Describe the use
                     of the risk versus profit matrix to determine sourcing strategy

                  
                  

               
               
               
               	
                  
                  
                  Describe
                     strategic sourcing, sourcing management, and tactical buying

                  
                  

               
               
               
               	
                  
                  
                  Provide examples
                     of collaborative relationships with suppliers

                  
                  

               
               
               
               	
                  
                  
                  Explain the
                     purpose of supplier audits and certifying capable suppliers

                  
                  

               
               
               
               	
                  
                  
                  Describe
                     examples of contract types between supply chain partners

                  
                  

               
               
               
               	
                  
                  
                  Discuss factors
                     that may affect price negotiations with suppliers

                  
                  

               
               
               
               	
                  
                  
                  Trace the
                     purchasing process from requisition to invoice approval

                  
                  

               
               
               
               	
                  
                  
                  Define a
                     purchase order and describe the use of a blanket order

                  
                  

               
               
               
               	
                  
                  
                  Describe active
                     supplier inventory management techniques

                  
                  

               
               
               
               	
                  
                  
                  Describe
                     characteristics of effective supplier evaluation systems

                  
                  

               
               
               
               	
                  
                  
                  Explain the
                     components of the GRI standards for sustainability reporting.

                  
                  

               
               

            
            
            
            Organizations procure materials, from raw
               materials to support materials such as fuel. To manage capacity more effectively,
               organizations may turn to outsourcing certain tasks, including manufacturing and
               assembly and services such as maintenance and repair. This section focuses on the
               ways organizations structure their relationships with external suppliers and on the
               strategic, tactical, and operational aspects of procurement and purchasing,
               including make-or-buy, desired supplier relationships, collaboration, ensuring
               capable suppliers, contracting, and managing those relationships over time.

            
            

         
         
         
         
   
      
         
         
         
         Supply and Purchasing Planning

         
         
         
         
            
            
            Prior to selecting
               suppliers as part of the overall process of procurement, the organization
               needs to determine whether to make or buy any given item or component,
               so insourcing versus outsourcing is the first subject here. Then
               we address objectives of procurement and its subset, purchasing.
               Here we discuss the various participants, types of purchases, the
               objectives of purchasing, and how purchasing adds value to an organization.
               Finally we address the basic procurement process (which includes
               purchasing as a step) and the first two steps, establishing specifications
               and selecting suppliers.

            
            

         
         
         
         
         
            
            
            Insourcing versus Outsourcing

            
            
            
            
               
               
               Outsourcing
                  is the use of outside suppliers to produce an item that once was
                  produced in house. It often is the result of a make-or-buy decision
                  based on cost, quality, or operational priorities.

               
               
               
               If a product has always
                  been purchased from a supplier, it technically is not outsourced.
                  It is simply a purchased part or component. Outsourcing can involve subcontracting
                  to a manufacturer down the street or in another country. Outsourcing to
                  another country often is referred to as offshoring.

               
               
               
               A decision to outsource
                  requires awareness of several issues, as shown in Exhibit 4-94. The
                  disadvantages of outsourcing to subcontractors can be managed.

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 4-94: Advantages and Disadvantages of Outsourcing
                        
                        
                           
                           
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Performance Objective

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Advantages Gained by Outsourcing

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Disadvantages of Outsourcing to Buyer

                                 
                                 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Quality

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Specialized knowledge, experience, and
                                    quality; focus resources on core competencies.

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Possible reduction in quality control;
                                    loss of operational control.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Speed

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Lead-time reduction.

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Impact on synchronization of schedules.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Dependability

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Supplier
                                    core competencies may make supplier more dependable than insourcing
                                    (e.g., technology, process, quality, and throughput maturity).

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Impact on communication of schedule changes
                                    to operations.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Flexibility

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Greater capacity and ability to change production
                                    levels.

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Cost

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Economies of scale, lower capital costs,
                                    lower personnel costs.

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Possible excess internal capacity.

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               
               
               The analysis of risks
                  is a prerequisite for outsourcing. Issues to consider include the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     Core competencies
                        should be retained in house. (Analysis may be needed to verify if
                        a core competency really exists.)

                     
                     

                  
                  
                  
                  	
                     
                     
                     There
                        may be negative effects on employee morale.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Outsourcing
                        may mean a loss of competencies that will be difficult to recover
                        later.

                     
                     

                  
                  
                  
                  	
                     
                     
                     There
                        may be a misalignment of priorities with the supplier of outsourcing services.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Maintaining
                        high quality levels requires ongoing investment in monitoring.

                     
                     

                  
                  
                  
                  	
                     
                     
                     There
                        are associated costs and risks of inbound and outbound logistics.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Procurement and Purchasing Objectives

            
            
            
            
               
               
               The ASCM
                     Supply Chain Dictionary defines procurement, purchasing, and
                  some related terms as follows:

               
               
               
               
                  
                  Procurement: The business functions of
                     procurement planning, purchasing, inventory control, traffic, receiving,
                     incoming inspection, and salvage operations.

                  
                  Purchasing: The term used in industry
                     and management to denote the function of and the responsibility
                     for procuring materials, supplies, and services.

                  
                  Physical
                        supply: The movement
                     and storage of goods from suppliers to manufacturing. The cost of
                     physical supply is ultimately passed on to the customer.

                  
                  Supplier: 1) Provider of goods or services.
                     2) Seller with whom the buyer does business, as opposed to vendor,
                     which is a generic term referring to all sellers in the marketplace.

                  

               
               
               
               Procurement is the
                  overall process of establishing specifications, selecting suppliers, negotiating
                  contracts, and then procuring goods and services from suppliers. Purchasing
                  is a subset of this process that involves working with selected
                  suppliers to obtain specific goods and services under some type
                  of contract, from a basic purchase order to a more involved contract
                  type. Purchasing includes monitoring suppliers to ensure that materials
                  flow to the organization with the proper timing and that services
                  are performed correctly, following up with and controlling suppliers
                  as needed, and expediting orders.

               
               
               
               The objectives of procurement
                  relate to higher-level supply goals such as a desire to form a strategic
                  alliance with a supplier. The objectives of purchasing relate to efficient
                  and effective purchasing at a more-detailed level. Both need to
                  link to strategic objectives. For example, low-cost-leader products
                  will have different priorities than products that are designed to
                  be differentiated in other ways. Keep this in mind as we discuss
                  procurement and purchasing objectives as well as supply chain or
                  lean purchasing objectives and sustainability purchasing objectives.

               
               
               
               
                  
                  Procurement Objectives

                  
                  Once the decision
                     has been made to procure, what goals typically drive organizations’ procurement
                     strategies and processes? Generally, the procurement objectives
                     are to

                  
                  
                  
                     
                     	
                        
                        Identify
                           capable suppliers—suppliers who meet the organization’s procurement goals
                           on a regular basis, including those for delivery lead time, quality,
                           and cost.

                        

                     
                     
                     	
                        
                        Obtain goods in the necessary quantity,
                           with the necessary quality, and in a reliable time frame.

                        

                     
                     
                     	
                        
                        Reduce costs of supplies and therefore
                           costs of operation. Remember, however, that low cost is not the
                           same as best cost. A part’s cost should be judged by the total cost
                           of ownership, which includes acquisition, logistics, quality, yield
                           (versus amount of scrap), maintenance/repair, and disposal.

                        

                     
                     
                     	
                        
                        Minimize the risks of outsourcing, such
                           as loss of competitive knowledge or suppliers acting in their own
                           interests (which may conflict with the organization’s interests).

                        

                     
                     
                     	
                        
                        Implement responsible
                              procurement, defined
                           in the ASCM Supply Chain Dictionary as follows:

                        
                        
                        
                           
                           Ensuring the use of ethical sources of
                              goods and services where a firm does business to bring about a positive
                              impact and minimize the negative impact on societies and environments.
                              This includes processes for identifying, assessing, and managing
                              the environmental, social, and ethical risks in the supply chain. Another
                              important strategy is reducing, reusing and recycling materials.

                           

                        

                     

                  
                  
                  These goals shape
                     the way organizations select strategic supply alliances and partners,
                     negotiate and execute terms, and implement processes to reduce risk.

                  
               
               
               
               
                  
                  Conventional
                     Purchasing Objectives

                  
                  
                  
                  
                  Both strategic
                     and tactical sourcing strategies use the purchasing process as a
                     way to achieve certain objectives:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Obtain goods in the desired quantity and
                           with the specified quality.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Secure the best possible price for the
                           materials.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Receive the desired service level, including delivery
                           lead time.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Maintain a reputation as a good customer.
                           This will enable manufacturers to sustain relationships with trusted
                           suppliers and attract new ones.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Purchase products with sustainable goals
                           in mind.

                        
                        

                     
                     

                  
                  
                  
                  Purchasing
                     involves the interaction of an organization and one or more suppliers
                     that provide any number of items, from raw materials to components
                     to manufacturing equipment. Conventional purchasing objectives include
                     the following:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Purchase the correct
                           goods and services in the specified quality and quantity.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Purchase
                           goods and services at the lowest total cost to the organization.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Minimize
                           delivery lead times and optimize other aspects of customer service,
                           such as delivery at the right time and place.

                        
                        

                     
                     

                  
                  
                  
                  All of
                     these objectives are and will continue to be a high priority at
                     any organization. Ensuring that the specifications for an order
                     are clear and exact is placed as the primary objective, rather than
                     placing cost above these considerations. When suppliers can meet
                     the first objective, then the second objective is pursued, to minimize
                     total cost. Rather than working only to minimize purchase price,
                     purchasing departments often instead focus on the landed cost or
                     the total cost of ownership. The ASCM Supply Chain Dictionary defines
                     these terms as follows:

                  
                  
                  
                  
                     
                     Landed cost: This cost includes the product
                        cost plus the costs of logistics, such as warehousing, transportation,
                        and handling fees.

                     
                     Total cost of ownership (TCO): In supply chain management,
                        the total cost of ownership of the supply delivery system is the
                        sum of all the costs associated with every activity of the supply
                        stream. The main insight that TCO offers to the supply chain manager
                        is the understanding that the acquisition cost is often a very small portion
                        of the total cost of ownership.

                     

                  
                  
                  
                  Both landed cost and TCO include not only
                     the purchase price but also the transportation cost and the cost
                     of inventory holding. Total cost of ownership is broader, however,
                     and also includes the cost of poor quality (rejects, scrap, rework, inspections,
                     etc.) and possibly the cost of end-of-life disposal. It may involve,
                     for example, doing benefit-cost analyses on whether to use a bulk
                     purchase discount plus the ability to ship in full truckload quantities
                     while also accounting for the increased inventory holding cost tradeoff
                     or to ship just what is needed in more-expensive partial truckloads.

                  
                  
                  
                  The last of the
                     conventional purchasing objectives starts with minimizing delivery lead
                     times. This is the time from when the order is placed until it is
                     delivered to the organization. Shortening lead times can help to
                     ensure a more timely response to actual demand so the organization
                     can rely less on forecasting and its inherent errors. Organizations
                     might decide that this is very important for some materials while prioritizing
                     low cost for others, which might result in these items being shipped
                     by a slow, inexpensive method such as ocean cargo ship. Other aspects
                     of customer service might include how quickly the supplier responds
                     to marketing, engineering, and production planning changes as well
                     as simply having low rates of errors in deliveries.

                  
                  
               
               
               
               
                  
                  Supply
                     Chain Management and Lean Procurement/Purchasing Objectives

                  
                  Some additional procurement
                     or purchasing objectives are now critical in this interconnected
                     world, especially at organizations that have embraced supply chain management
                     concepts or are invested in lean production:

                  
                  
                  
                     
                     	
                        
                        Invest in partnerships
                           with key suppliers for mutual gain by developing their potential
                           and developing and maintaining ongoing relationships.

                        

                     
                     
                     	
                        
                        Fulfill
                           organizational social responsibility and sustainability goals by
                           extending these policies to supplier selection and purchases.

                        

                     

                  
                  
                  
                  A core concept of
                     supply chain management is that the total cost of ownership extends beyond
                     the walls of the organization. An entire supply chain’s total costs
                     and total value added are reflected in the final price and value
                     to the consumer. Based on this way of thinking, pursuing cost reductions
                     to the point where a supplier goes out of business or reduces quality
                     will be a net loss for all participants. While not every supplier
                     can or should become a trusted partner, organizations are now pursuing these
                     partnerships to reduce costs over the long term, such as by not
                     needing to inspect incoming shipments due to high quality. Lean
                     production systems depend on having a few long-term relationships
                     with dependable suppliers to get perfect quality materials delivered
                     just in time. This is sometimes called dock-to-stock.

                  
                  
                  Often these partnerships
                     are used for bottleneck materials (items that, if not received, will
                     halt production) and other critical materials (such as those that
                     constitute order winners). Commodities are often still sourced using
                     lowest cost, but even here suppliers that offer services like short
                     lead time may be invited to form closer relationships.

                  
                  
                  Massive supply chain
                     disruptions were experienced first during the pandemic but continued
                     much longer than that. This has forced organizations to question
                     the risks involved in a just-in-time or lean environment. Many organizations
                     are now realizing that they need more resilience than the pure versions
                     of these systems allow.

                  
                  
                  Much like customer relationship
                     management, supplier relationship management is a business philosophy.
                     Many organizations use supplier relationship management to develop
                     and maintain long-term supplier relationships. The ASCM Supply Chain Dictionary defines supplier relationship management (SRM) as
                     follows:

                  
                  
                  
                     
                     A comprehensive approach to managing an
                        enterprise’s interactions with the organizations that supply the
                        goods and services the enterprise uses. The goal of SRM is to streamline
                        and make more effective the processes between an enterprise and
                        its suppliers. SRM is often associated with automating procure-to-pay
                        business processes, evaluating supplier performance, and exchanging
                        information with suppliers. An e-procurement system is often an
                        example of an SRM family of applications.

                     

                  
                  
                  SRM is often accompanied
                     by software tools of the same name to help not only purchasing but
                     also marketing, engineering, and production planning to communicate with
                     suppliers regularly as well as to monitor and control these relationships.

                  
               
               
               
               
                  
                  Sustainable Purchasing Objectives

                  
                  
                  
                  
                  Organizations
                     committed to sustainable procurement focus closely on item specifications.
                     At the design level, requirements are analyzed to

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Reduce the overall
                           use of materials in an item’s life cycle, from production and shipping
                           through disposal of the product.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Avoid the use of limited or threatened
                           resources, such as certain types of timber.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Avoid items that can contribute to environmental
                           damage and health hazards to factory workers and neighboring communities.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Guarantee
                           that sustainable product claims can be substantiated, such as how Gerber
                           is using blockchain to provide a chain of custody for their organic
                           baby food ingredients to ensure that they are indeed organic.

                        
                        

                     
                     

                  
                  
                  
                  The organization’s
                     requirements for sustainable purchasing are executed at the procurement
                     level. This may involve requiring that suppliers provide certifications about
                     the source of raw materials or lab reports that confirm ingredients
                     or that they comply with policies designed to decrease packaging.

                  
                  
                  
                  Corporate social responsibility
                     and sustainability objectives also come from a supply chain perspective,
                     because organizations are often now held accountable for not only their
                     own actions but also for the actions of their suppliers. In selecting
                     suppliers and in monitoring and controlling their activities, purchasing
                     plays a large role in ensuring that these policies are implemented.

                  
                  
                  
                  
                  
                     
                     
                     
                        Sustainable Purchasing at the Hotel
                           Group
                        

                     
                     
                     
                     When
                        purchasing its products, whether they are obtained from strategic
                        sourcing or tactical buying, the hotel holding company’s purchasing
                        department distributes a list of sustainable guidelines that specify
                        ingredients that may not be used. This is critical, since the hotel
                        group’s market image emphasizes health and well-being. It purchases branded
                        products such as toiletries that are associated with natural sources.
                        They are transitioning to the use of organic cottons in spa robes.

                     
                     
                     
                     This commitment
                        to sustainable principles extends to less-visible purchases. Painting and
                        carpeting contractors must use products that control the emission
                        of gases that may pose health risks or cause discomfort (e.g., low-VOC
                        [volatile organic compound] paints and glues). The hotel group specifies
                        that the printed materials it orders use inks from renewable sources.
                        It pays a little more for linens that will last longer.

                     
                     
                     
                     Purchasing also
                        requires suppliers to provide proof that they are using sustainable materials.
                        They are aware, however, of the misuse of “green” labels. To combat
                        this, purchasing agents work with third-party auditors who verify
                        that sources have fulfilled the requirements for a sustainable label.

                     
                     
                  
               
               

            
            

         
         
         
         
            
            
            Purchasing
               Types and Adding Value

            
            
            
            
               
               
               Industrial
                  purchasing covers a wide variety of needs and consumes a large percentage of
                  total organizational costs, so it can mean the difference between
                  profitable organizations and unprofitable ones. After looking at
                  some types of purchases, we discuss how procurement/purchasing can
                  add value to the organization and then address the need for other
                  internal functions to also add value.

               
               
               
               
                  
                  Types of Purchases

                  
                  
                  
                  From a manufacturing
                     perspective, industrial organizations need to make two major types
                     of purchases:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        
                           Capital expenditures
                           

                        
                        
                        
                        
                           
                           
                           	
                              
                              
                              When new property,
                                 plant, and equipment is needed, procurement may be involved to help
                                 screen providers using a request-for-quote (RFQ) process. (In Europe,
                                 this process is called an invitation to tender [ITT].) Capital items
                                 that production and inventory control professionals may be involved
                                 in purchasing on a medium-term basis include new equipment and information
                                 technology hardware and software.

                              
                              

                           
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           Materials, supplies, and services
                           

                        
                        
                        
                        
                           
                           
                           	
                              
                              
                              Materials that are
                                 purchased are simply called raw materials from an inventory management
                                 perspective, but these may include not only raw materials like lumber
                                 or petrochemicals but also purchased components or subcomponents
                                 to be assembled. Materials that are directly used in the products
                                 to be sold are called direct materials, while those that are needed
                                 in general are called indirect materials.

                              
                              

                           
                           
                           
                           	
                              
                              
                              Products
                                 not directly used in saleable goods are called indirect materials,
                                 or maintenance, repair, and operating (MRO) supplies, or simply
                                 supplies. These include spare parts for manufacturing equipment,
                                 lubricating oils, and office supplies.

                              
                              

                           
                           
                           
                           	
                              
                              
                              Purchasing
                                 may be involved in the purchase of services, some of which may be directly
                                 applied to add value to products, such as the work of contractors
                                 who assemble products at a distribution center. These services would
                                 be considered part of direct labor. Other services may include consulting,
                                 equipment repair, or building maintenance, and these would be part
                                 of indirect labor.

                              
                              

                           
                           

                        
                        

                     
                     

                  
                  
                  
                  The distinction between direct and indirect
                     costs is important to the value-added role of purchasing. While
                     needed, accounting cannot directly attribute the cost of MRO supplies
                     or services to individual units of product, so the indirect labor
                     and material costs are put in a general category called overhead.

                  
                  
               
               
               
               
                  
                  Value-Added Role of Procurement/Purchasing

                  
                  The procurement and purchasing
                     functions are considered key areas that can strongly impact profit
                     and loss, because materials often make up a large percentage of
                     a manufacturing organization’s total costs.

                  
                  
                  
                  Basically,
                     there are two ways to increase profits. The first is to increase
                     sales, and the second is to reduce costs.

                  
                  
                  When sales increase, the cost of direct
                     materials and direct labor and some overhead costs will increase
                     proportionately. (Most of the overhead will remain fixed.) The costs
                     directly related to the products sold in a period are summed, to
                     arrive at the cost of goods sold.

                  
                  
                  An
                     example here can show how cost reduction in purchasing can leverage
                     greater profits than an equivalent increase in sales. Assume that
                     an organization sells an item for $10 and each item sold requires
                     direct materials that cost $5 per unit and direct labor that costs
                     $1 per unit. Let’s assume that overhead is a fixed cost of $3,000
                     per month and the organization currently sells 1,000 units per month,
                     resulting in $10,000 in revenue ($10 times 1,000 units). Exhibit 4-95 shows
                     this as the “as is” state of affairs. It also shows a pair of “to
                     be” scenarios: a 10 percent sales per month increase versus the
                     same sales per month with a 10 percent reduction in direct materials
                     (DM) cost.

                  
                  
                  
                     Exhibit 4-95: Sales Increase Versus Cost Reduction Scenarios[image: A table titled “Sales Increase Versus Cost Reduction Scenarios.” Go to long description for more details.]
                  Go to long description.

                  
                  
                  
                  Note
                     that in the “as is” scenario, the direct materials and direct labor
                     per unit costs are also multiplied by the 1,000 units while the
                     overhead is simply a deduction. This results in gross profit (i.e.,
                     profit before deducting certain other expenses) of $1,000 and a
                     gross profit margin of 10 percent (gross profit divided by revenue,
                     or $1,000 divided by $10,000).

                  
                  
                  In the first “to be” scenario, increasing
                     sales by 10 percent per month raises units sold to 1,100 units,
                     and this increases revenue. However, it likewise increases direct materials
                     and direct labor costs because selling more units requires more
                     materials and labor. Since overhead does not also increase, there
                     is an increase in gross profit and gross profit margin.

                  
                  
                  In the other “to
                     be” scenario, purchasing (or manufacturing) can reduce costs. If
                     sales remain at 1,000 units per month and direct labor and overhead
                     also don’t change, just reducing the direct materials costs by 10
                     percent (from $5 per unit to $4.50 per unit) still results in a
                     larger increase in profits and profit margin. Of course, this can
                     also work in reverse. Any increase in manufacturing or purchasing
                     costs will directly reduce profits.

                  
                  
                  The cost reduction profit leverage concept
                     is well understood and has shaped the conventional objectives of
                     purchasing, but naturally one objective is to relentlessly pursue
                     lower costs. Unintended consequences of this goal may include tradeoffs
                     in quality, high inventory levels, and/or adversarial relationships
                     with suppliers. To avoid these consequences, purchasing needs other
                     functions to participate in the process.

                  
               
               
               
               
                  
                  Procurement and Other Participants
                     Need to Collaborate

                  
                  
                  
                  Conventionally, procurement and purchasing
                     were thought of as the sole responsibility of the procurement and
                     purchasing functional areas. Often this meant that there was a disconnect
                     between marketing, engineers, and production planners and their
                     supplier counterparts. Marketing needs to ensure that purchases
                     reflect actual customer requirements. Engineers need to clearly
                     specify these requirements. Purchasers also need to work alongside
                     production planners and shop floor personnel to ensure that the
                     right things are received when they are needed to satisfy demand and
                     that costs for rejects, scrap, rework, and inventory are not more
                     than the money saved in finding cheaper suppliers or ordering in
                     bulk.

                  
                  
                  
                  At the very
                     least, clearly defining product specifications has become critical
                     to reducing net costs—as opposed to lowering costs in one area while
                     increasing them in others. Going a step further, many organizations
                     have started to collaborate with suppliers on product specifications
                     to help reduce costs while maintaining the needed form, fit, and
                     function of the materials at the right quality levels. Purchasing
                     may also be directly involved in fulfilling social mandates for
                     sustainable sourcing.

                  
                  
                  
                  In
                     addition to adding value by reducing net costs, purchasing may be
                     involved in helping find materials that are order qualifiers (the
                     material fulfills the minimum requirements for purchase consideration)
                     or order winners (the material has characteristics that differentiate
                     it from what the competition is offering). Depending on the customer
                     base and the organizational strategy, this could be a product that
                     can sell for less than the competition’s actual cost or a grade
                     of material that adds more value than it costs.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Basic Procurement Process and Planning
               Steps

            
            
            
            
               
               
                Exhibit 4-96 illustrates
                  one way to conduct the procurement process.

               
               
               
               
                  Exhibit 4-96: Procurement Process[image: The flowchart outlines the procurement process in three stages: Planning, Execution, and Monitoring and Controlling. In the Planning stage, specifications are established, suppliers are selected, and contracts are negotiated. The Execution stage involves managing the purchasing cycle and contract buying. The Monitoring and Controlling stage focuses on monitoring supplier performance. A feedback loop from monitoring back to establishing specifications ensures continuous improvement.]
               
               
               
               
               Note that the first
                  three steps are considered planning steps. These are the steps required
                  to plan what to purchase and who will supply it. The next two steps
                  are execution steps, and they are shown side by side to indicate
                  that they are done concurrently, depending on the type of relationship
                  set up with a given supplier. Finally, there is a monitoring and
                  controlling step, which involves measuring performance and then
                  providing feedback to both the suppliers and to the overall process.
                  Giving feedback to suppliers helps them to correct problems. Providing feedback
                  to the planning process helps improve specifications and supplier
                  selection and negotiation processes.

               
               
               
               Let’s take a closer
                  look at the first two planning-level steps in this process.

               
               
               
               
                  
                  Establish Specifications

                  
                  
                  
                  
                  Before purchasing can begin,
                     the specifications for the item being sourced must be defined. An
                     item’s sourcing strategy needs to align with both the item’s requirements and
                     the organization’s competitive strategy. For example, if a product
                     will be competing on the basis of low price, the cost of production
                     can be lowered by using standardized designs for as many components
                     as possible. This will allow purchasing to use a bidding process
                     among multiple possible suppliers of these components.

                  
                  
                  
                  Specifications might
                     be standardized and simple for commodities or highly detailed and
                     exacting for complex materials. They are ultimately dictated by
                     customer expectations, but marketing, engineering, production planning,
                     and others will translate customer requirements into three general
                     types:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Functional

                        
                        

                     
                     
                     
                     	
                        
                        
                        Quantity

                        
                        

                     
                     
                     
                     	
                        
                        
                        Price

                        
                        

                     
                     

                  
                  
                  
                  Each of these types
                     of requirements is discussed next.

                  
                  
                  
                  
                     
                     Functional
                           Requirements

                     
                     
                     Functional requirements,
                        also called functional specifications, are the most important of
                        a product’s or service’s requirements, because they are the details
                        that indicate the form, fit, and function of the material or service.
                        Functional requirements specify not only the purpose of the product
                        or service but perhaps also how it fits with other components, its
                        physical properties such as flexibility or strength, its packaging,
                        and its look and feel and other aesthetics.

                     
                     
                     During the functional
                        requirements design process, value
                           analysis can be used, which the ASCM
                           Supply Chain Dictionary defines as follows.

                     
                     
                     
                        
                        The
                           systematic use of techniques that identify a required function,
                           establish a value for that function, and finally provide that function
                           at the lowest overall cost. This practice focuses on the functions
                           of an item rather than the methods of producing the present product
                           design.

                        

                     
                     
                     
                     Note
                        how value analysis specifies the functional requirements of a product
                        or service by focusing on the “what” rather than specifying “how”
                        to achieve it. This enables suppliers to innovate on the “how.”

                     
                     
                     Functional
                        requirements are also quality requirements. Some parts of the ASCM Supply Chain Dictionary definition of quality
                        are provided in the next two paragraphs (in quotation marks).

                     
                     
                     Quality is defined
                        by the customer as “fitness for use.” Functional requirements take this
                        into account when they satisfy customer requirements, and this is
                        addressed during market analysis and product and service design.
                        Well-designed products will not only be fit for use but fit for
                        use at what the customer considers an acceptable price based on
                        perceived value. “Value-based quality is the degree of excellence
                        at an acceptable price.” Value in turn is determined in part by
                        marketing and in part by functional requirements related to product
                        grade (e.g., durability, dependability, aesthetics, and other qualities
                        that make a product fit for use). Functional requirements thus specify
                        grade and acceptable price.

                     
                     
                     From
                        the perspective of purchasing and manufacturing, quality is defined
                        as “conformance to requirements.” The purchasing function’s responsibility
                        is to ensure that the supplier can meet these requirements. When
                        specifying something like required tensile strength or other engineering
                        requirements, purchasing, marketing, engineering, and production
                        planning will work together to determine a range of acceptable quality.
                        This might involve, for example, establishing upper and lower specification
                        limits. Items outside these limits would be rejected. Conformance
                        to requirements is also critical for subcomponents that need to
                        fit correctly into a larger assembly. The allowed level of nonconforming
                        items can be specified. For example, six sigma specifies no more
                        than 3.4 defects per million opportunities for a defect. Tighter limits
                        may affect price, so the limits are often based on actual required
                        quality levels. Proving conformance may involve setting standards
                        for incoming inspection. In some cases, materials from trusted suppliers
                        may not be inspected unless a quality issue arises during manufacturing.

                     
                     
                     There are many ways
                        organizations can describe functional requirements. They may design
                        every detail themselves and provide schematics for the units and
                        perhaps the tools and dies needed to make them, or they can indicate
                        what the product or service needs to accomplish and allow suppliers
                        to respond to a request for quote with innovative solutions.

                     
                     
                     Introduction to Materials Management notes
                        that functional specifications may be described by one or a combination
                        of the following:

                     
                     
                     
                     
                        
                        	
                           
                           
                           
                              
                                 Brand.
                                 
                              Branded or patented items may be used because of a technical or
                                 marketing advantage—for example, greater certainty of the
                                 desired performance or more appeal to mass market consumers.
                                 Branded items cost more and limit the number of suppliers and
                                 therefore the purchaser’s bargaining power.
                              

                           
                           

                        
                        
                        	
                           
                           
                           
                              
                                 Characteristics.
                                 
                              This
                                 may include specifications about dimensions, tensile strength,
                                 hardness, ingredients, method of manufacture, and performance
                                 (e.g., output per minute). Designs that require standard
                                 specifications can use more-tactical purchasing methods.
                              

                           
                           

                        
                        
                        	
                           
                           
                           
                              
                                 Engineering drawings.
                                 
                              When
                                 requirements are not standard, purchasers may have to use
                                 engineering drawings to communicate exact requirements. This is
                                 a more strategic way to communicate requirements, since
                                 confidential information is being shared with potential
                                 suppliers.
                              

                           
                           

                        
                        
                        	
                           
                           
                           
                              
                                 Miscellaneous attributes.
                                 
                              Purchasers may provide samples to be matched or may use
                                 analogy—for example, a component previously used or used in an
                                 existing product on the market.
                              

                           
                           

                        

                     
                     
                     When suppliers sell
                        brand-name products, the requirements can be described simply by
                        the brand name or a product number. While wholesale and retail do
                        this quite often, in manufacturing, industrial products may be branded
                        when the items are marketed to end users (e.g., Intel inside) or
                        to industrial customers. It may simply be more cost-effective to
                        buy a brand than to develop detailed specifications, especially when
                        the brand is patented due to proprietary processes. It may even
                        be the only option, which is called sole sourcing. When alternatives
                        exist, they should be considered.

                     
                     
                     Another way to describe functional requirements
                        is to develop detailed characteristics of the product including
                        descriptions and other specifications. At one end of the range is
                        simply a description of performance. The result that the product
                        or service needs to accomplish is indicated, without specifying
                        how to accomplish it. For example, this could be the ability to
                        pump a certain viscosity of material at a certain rate per minute for
                        an industrial peanut butter pump. The supplier, with expertise in
                        this specialty, can propose a solution.

                     
                     
                     The physical and chemical characteristics
                        of an end result could be defined, still without specifying how
                        the materials are to be made. This might be a chemical formula or
                        the ability of a plastic to bend a certain amount without breaking.
                        At the far end of this range, even the method of manufacture is
                        specified, because the method of manufacture will result in different
                        properties. For example, cast iron will be hard but brittle.

                     
                     
                     Functional requirements
                        often take the form of engineering drawings, accompanied by detailed
                        documentation, when a product cannot be defined in any other way.
                        These drawings define the precise configuration of every aspect
                        of the product’s functional requirements. Industrial procurement
                        must often rely on this method, despite the high cost of producing
                        the drawings, for subcomponents that need to fit precisely into a
                        larger assembly.

                     
                     
                     Sometimes
                        a buyer will not have a clear way to describe the requirements and
                        will need to work with the supplier, who can help in defining the
                        need. The buyer could provide samples to the supplier or test the
                        supplier’s offerings.

                     
                     
                     
                     Whenever
                        possible, descriptions of functional requirements should make use
                        of standards. International standards exist for a large number of
                        industrial processes, and the standards often include subsets such
                        as how a particular process needs to be performed. These standards
                        eliminate work on the part of the purchaser, who can simply refer
                        to a particular part of a standard. The suppliers will typically
                        understand the standards for their industry quite well, so the two
                        organizations will have a common language to use in discussing the
                        functional requirements. Items made to standards are often also
                        less expensive, because the supplier can sell them to many buyers.
                        Since standards are based on extensive testing and input from many
                        with expertise in the area, the items tend to be high in quality
                        and are more likely to both “conform to requirements” and be “fit
                        for use.”

                     
                  
                  
                  
                     
                     
                     
                        
                        
                        Quantity Requirements
                        

                     
                     
                     
                     
                     Quantity requirements
                        can also affect sourcing. Quantity requirements involve determining
                        how many units to purchase per order and how often to order to balance supply
                        with demand at the best cost. Items that are rarely in demand will
                        be desired in low quantities per purchase. Standard items already
                        available on the market will be used whenever this is feasible due
                        to the high cost of make-to-order items. When items are needed in
                        large quantities frequently, quantity requirements intersect with price
                        requirements, because suppliers will need to have or develop sufficient economies
                        of scale to produce in volume at low cost. Purchasing will then
                        need to determine the best purchase quantity to minimize total cost
                        (price discounts for quantity purchases, discounts for full truckloads,
                        and inventory costs).

                     
                     
                  
                  
                  
                     
                     
                     
                        Price Requirements
                        

                     
                     
                     
                     
                     Product price is
                        determined by what the market will pay for the item. Since the final price
                        has little leeway, the price for any raw material or component used
                        in the product will also face constraints. An organization will
                        be willing to pay only a certain maximum amount per unit of any
                        given raw material or component based on the value this adds to
                        the final product in the eyes of the user.

                     
                     
                     
                     Organizations need to balance the priorities
                        of functional requirements (and quality), quantity, and price, since
                        they are all interrelated.

                     
                     
                     
                  
               
               
               
               
                  
                  Select Suppliers

                  
                  
                  
                  
                  When selecting suppliers,
                     organizations may first determine if an existing supplier will be
                     used or if new suppliers should be considered. For new suppliers, organizations
                     often develop selection criteria, since there are many factors that
                     will be important and many cannot be measured quantitatively.

                  
                  
                  
                  
                     
                     
                     
                        Existing
                           or New Suppliers
                        

                     
                     
                     
                     Depending
                        on where a product is in its life cycle, establishing external supply
                        may require selecting a new supplier or using one that has previously
                        been relied on.

                     
                     
                     
                     When the good or service
                        in question has been acquired in the past, a company may choose
                        from a list of preapproved suppliers.

                     
                     
                     
                     For new goods and services, the organization
                        must conduct a search, sometimes relying on the advice of engineering
                        and design functions for suggestions. In addition to that advice,
                        an organization may turn to salespeople from either the supplier
                        or purchaser company, the internet, or trade magazines and directories.

                     
                     
                  
                  
                  
                     
                     
                     
                        Selection
                           Criteria
                        

                     
                     
                     
                     
                     Organizations will typically determine
                        selection criteria and then assign a weight to each factor to indicate
                        its relative importance to the success of the strategy and the type
                        of relationship. In a situation in which the buyer is indifferent
                        to the supplier of a commodity, price might be the primary weighting
                        factor. In a situation involving a potential trusted partner, reliability
                        and manufacturing capability might be the primary criteria. The
                        weights might be on a scale of 1 to 10, or they might be a percentage
                        weighting that must sum to 100 percent. Typically, organizations
                        will issue a request for quote (RFQ) at
                        this point, which the ASCM Supply Chain Dictionary defines
                        as

                     
                     
                     
                     
                        
                        a document used to solicit vendor responses
                           when a product has been selected and price quotations are needed
                           from several vendors.

                        

                     
                     
                     
                     Based on the responses, the organization
                        will then rate each supplier for each factor, perhaps also on a
                        1 to 10 scale. The weight is multiplied by the rank, and the scores per
                        factor are summed. The top-scoring suppliers might all be selected,
                        or they could be put on a short list for on-site visits, demonstrations,
                        and negotiations.

                     
                     
                     
                     Here
                        are some of the selection criteria organizations often consider:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Technical capabilities. Purchasing
                              and engineering determine if the supplier can manufacture the product
                              per the functional requirements or mix of products. They may also
                              assess the supplier’s research and development budget and ability
                              to learn and grow, collaborate on product development, and reduce
                              cost. In a strategic relationship, the supplier’s technical expertise
                              can increase the value of the relationship.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Manufacturing capabilities. Purchasing
                              and manufacturing assess whether the supplier can manufacture in
                              volume at consistent quality levels with reliable lead times. They
                              may assess the supplier’s manufacturing planning and control systems,
                              personnel, and quality assurance methods.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Location. Supplier location
                              affects landed cost, or the price plus the cost of transportation
                              to the plant. Carrying cost can also be impacted depending on the economic
                              order quantity or similar measure. It also affects lead times and
                              relative risk levels (e.g., stockout). Suppliers might maintain
                              inventory at or near the plant to shorten lead times.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Price. In some cases, lowest
                              price will be important; in others, a competitive price will be
                              sufficient so long as the supplier provides superior value. Often
                              total cost of ownership is used rather than just price, to account
                              for landed cost plus the cost of quality, inventory, taxes, foreign
                              exchange, etc.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Reliability. Suppliers should
                              be able to deliver on time, neither early nor late, have consistent
                              quality and quantity, and be financially stable.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Supply chain maturity. Suppliers
                              capable of integrating systems, operations, communications, and
                              logistics and who continuously improve to reduce waste and add value
                              may be a high priority. Some suppliers will commit to holding inventory for
                              the buyer, but lean supply chains cannot bear this added cost and
                              will desire lean suppliers who minimize inventory but can still
                              deliver small just-in-time lots.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Service offerings. Services
                              rated may include credit terms, after-sale service, service parts,
                              a reasonable returns policy, and warranties.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Service
                                 level. How flexible and responsive is the supplier to the purchasing organization’s
                              needs? If the purchasing organization uses lean production principles,
                              can the supplier manage small and more frequent deliveries? Can
                              the supplier perform vendor-managed inventory (VMI) services? The
                              service level conditions can be extremely important and can include
                              requirements such as the supplier’s delivery schedule, e-commerce
                              capability, labeling requirements (e.g., label information and format,
                              use of identification systems such as bar coding or radio frequency
                              identification), delivery lead times, point-of-use delivery, and inventory
                              targets (for VMI arrangements).

                           
                           

                        
                        
                        
                        	
                           
                           
                           Management attitude and culture
                                 fit. Suppliers might be selected based on how well they interact
                              with the organization, support its policies (such as for sustainability),
                              and so on. Tools like the UN Global Compact can be used as a common
                              frame of reference for measuring alignment with corporate social responsibility
                              initiatives. This is especially important for potential long-term partners.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Financial
                                 stability. Does the supplier have the financial resources to
                              fulfill long-term commitments? A review of a supplier’s financial
                              statements can reveal vulnerabilities, such as high debt ratios
                              or low profit margins. Privately held suppliers will not have published
                              financial statements, and they may not share this information.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Commitment
                                 to sustainability. Does a supplier have a sustainability policy
                              and guidelines? Have processes been certified? Are their sources
                              certified? For example, if a lumber company is providing wood to
                              a flooring manufacturer, can the supplier certify that the wood
                              comes from sustainable sources?

                           
                           

                        
                        

                     
                     
                     
                     In some cases, this information may be
                        obtained from the supplier. Financial information about a publicly
                        held supplier may be obtained over the internet in the supplier’s
                        financial reports. Professionals also stay abreast of the business
                        press in the supply sectors that affect their business and talk
                        with colleagues in non-competing businesses about their supplier
                        experiences. Another source is the supplier’s customers. Conversations
                        with them can reveal how the supplier treats them in terms of responsiveness
                        to issues and so on.

                     
                     
                  
               
               

            
            

         
         
   
      
         
         
         
         Supplier Relationships and
            Strategies

         
         
         
         
            
            
            Here we review supplier segmentation, which involves determining
               different categories of suppliers so that each category can be addressed using a
               tailored strategy and tactics. This leads us to the potential range of
               supplier-customer relationships, which goes from arm’s length to collaborative
               relationships. We also cover relationship factors, the number of suppliers to have
               for a given category of purchasing, the risk versus profit matrix, and supplier
               relationship types. After that, we review types of supplier collaborative
               relationships, including concurrent engineering. Logistics relationships include
               third-party logistics. Supply chain continuous improvement is also addressed.

            
            

         
         
         
         
         
            
            
            Supplier Segmentation

            
            
            
            
               
               
               Supplier segmentation involves developing
                  categories of suppliers so that each category can have a different strategy and
                  tactics. Just as treating all customers as if they were the same can lead to poor
                  marketing and selling strategies, treating all suppliers as if they were the same
                  can lead to inefficiencies or poor supply chain responsiveness.

               
               
               
               Supplier segmentation is a key tool to move an
                  organization toward having a responsive supply chain. While many organizations used
                  to base supplier selection on finding suppliers who could minimize costs, such as
                  by
                  leveraging economies of scale and low wages in one country, today’s market is
                  placing significant stress on responsiveness. However, since responsiveness has a
                  cost, this becomes a dilemma for cost-competitive models. Supplier segmentation is
                  useful in maintaining the cost and responsiveness balance.

               
               
               
               Supplier segmentation increases responsiveness
                  without significantly increasing costs because it helps organizations with complex
                  networks of suppliers manage their risks and responses. Cost and risk analyses can
                  be simplified when suppliers with similar attributes can be analyzed together.
                  Furthermore, a set of suppliers can be developed that can all be selected as a group
                  when strategy needs to shift.

               
               
               
               Supplier segmentation is also ideal for
                  organizations pursuing strategies other than low cost. Organizations can devise
                  unique methods of segmentation that benefit their industry and business model.

               
               
               
               The following are forms of supplier
                  segmentation:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Ideal relationship type.
                           
                        Segmenting
                           suppliers by ideal relationship type involves analyzing what a supplier
                           would bring to some form of strategic partnership if one were to be
                           pursued.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Supplier capabilities.
                           
                        Segmentation
                           by supplier capabilities helps organizations that compete on a focus or
                           differentiation basis by segmenting suppliers based on their ability to
                           deliver on the key business objectives at the core of these strategies.
                           Suppliers will also have areas of specialization and so can be placed
                           into various categories of purchasing types, such as all providers of
                           sheet metal.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Customization versus standardization.
                           
                        Some
                           suppliers will specialize in being responsive and able to provide custom
                           solutions, while others will specialize in providing standardized
                           solutions at economies of scale.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Level of innovation.
                           
                        Some
                           suppliers are better partners when working to develop innovation in a
                           product’s design.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Lead times.
                           
                        Grouping
                           suppliers by similar lead times might help organizations when scheduling
                           orders for goods, possibly by allowing certain shipments to be grouped
                           together.
                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Supplier Relationship Ranges, Factors, and
               Types

            
            
            
            
               
               
               Supplier relationships can range
                  from those based purely on cost advantages to highly integrated and strategically
                  managed relationships. Supplier relationship factors may result in a particular type
                  of sourcing arrangement for a given category of purchases. The various categories
                  are presented, followed by a comparison of the pros and cons of having more or fewer
                  suppliers for a given need.

               
               
               
               
                  
                  Range
                     of Supplier Relationships

                  
                  
                  
                  
                  As shown in Exhibit 4-97, supplier
                     relationships can be divided into two general categories:

                  
                  
                  
                  
                     Exhibit 4-97: Range of Supplier-Customer Relationships[image: The image illustrates a spectrum of supplier relationships categorized into arm’s-length relationships and collaborative relationships. Arm’s-length relationships include vendors, conventional suppliers, and certified suppliers, representing lower value-added relationships. Collaborative relationships encompass partnership type relationships and strategic alliances, signifying higher value-added relationships. The progression from arm’s-length to collaborative relationships aligns with increasing compatibility of interests, mutual need, openness, and trust.]
                  
                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        “Arm’s-length” or lower
                           value-added relationships, based on compatibility of interests and
                           mutual need, often for tactical purposes, and on short-term results.
                           Selection is based on whether a supplier fulfills the customer’s needs
                           concerning price, features, quantity, quality, and service level.

                        
                        

                     
                     
                     
                     	
                        
                        
                        “Collaborative” or higher
                           value-added relationships, based on greater openness and trust,
                           including

                        
                        
                        
                        
                           
                           	
                              
                              
                              Willingness to share
                                 information on topics such as cost, processes, market analysis,
                                 and future products

                              
                              

                           
                           
                           	
                              
                              
                              Mutual respect and
                                 confidence in the reliability and integrity of the other
                                 party.

                              
                              

                           

                        
                        

                     
                     

                  
                  
                  
                  Strategic alliances and
                     partnerships can be distinguished by the level of integration of customer and
                     supplier. These are types of a customer-supplier
                        partnership, which the ASCM Supply Chain Dictionary describes as
                     follows:

                  
                  
                  
                  
                     
                     A long-term relationship between a
                        buyer and a supplier characterized by teamwork and mutual confidence. The
                        supplier is considered an extension of the buyer’s organization. The
                        partnership is based on several commitments. The buyer provides long-term
                        contracts and uses fewer suppliers. The supplier implements quality
                        assurance processes so that incoming inspection can be minimized. The
                        supplier also helps the buyer reduce costs and improve product and process
                        designs.

                     

                  
                  
               
               
               
               
                  
                  Supplier Relationship
                     Factors

                  
                  
                  
                  The operations strategy addresses supplier
                     relationships based on a number of factors:

                  
                  
                  
                  
                     
                     	
                        
                        
                        
                           
                              Organization’s business strategy.
                              
                           A
                              low-cost provider strategy necessitates lowering the costs of
                              operations and can result in supplier relationships that change
                              often, depending on supplier prices. The supplier relationship tends
                              to be more transactional. A manufacturer might even use online
                              bidding or spot trading. A differentiation strategy that focuses on
                              innovation or quality often requires a more-collaborative and
                              long-term relationship with trusted suppliers.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Stability of the industry.
                              
                           When
                              technology is changing rapidly, long-term relationships with
                              suppliers may make manufacturers vulnerable to missed opportunities
                              in the form of suppliers with new technologies that can provide
                              better service or lower prices. At the same time, trusted
                              relationships with suppliers can provide at least some
                              stability.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Competitive factors.
                              
                           In a
                              market with a limited number of powerful suppliers, operations may
                              want to build a closer relationship with a particular supplier. They
                              may even benefit from acquiring suppliers.
                           

                        
                        

                     

                  
                  
                  
                  Organizations that want to develop
                     strategic relationships with their partners might use collaborative planning,
                     forecasting, and replenishment (CPFR®)
                     to develop a joint strategy or joint tactical plans.

                  
                  
               
               
               
               
                  
                  Types
                     of Sourcing

                  
                  When selecting suppliers for a given
                     category of purchasing, a consideration is the number of suppliers that will
                     supply the product or service. Organizations use sourcing to identify suppliers
                     who can provide needed goods and services. The ASCM Supply Chain Dictionary defines three basic methods of sourcing.

                  
                  
                  
                     
                     Sole source: A supply situation
                        where the supply of a good or service is available from only one
                        organization. Usually technical barriers, such as patents, complex tooling,
                        or component designs, preclude other suppliers from offering the
                        product.

                     
                     Single-source supplier: A company that is selected to
                        have 100 percent of the business for a part although alternate suppliers are
                        available.

                     
                     Multisourcing: Procurement of a good
                        or service from more than one independent supplier.

                     

                  
                  
                  Let’s look at each of these types
                     in more detail.

                  
                  
                  With sole sourcing,
                     the supplier is the only source of supply as a result of having a unique
                     technology, distribution arrangement, or government regulation. There is enough
                     risk in this type of sourcing to encourage buyers to invest in or acquire the
                     supplier or another supplier who could develop the needed capabilities over
                     time.

                  
                  
                  With single sourcing, there is
                     more than one source, but procurement chooses to reduce the supplier base to a
                     single supplier. Suppliers generally are more willing to enter into a long-term
                     relationship if they are going to be the single supplier, and a primary reason
                     single sourcing is used is that this method makes it more likely the supplier
                     will offer more advantageous pricing. Suppliers also will be more likely to make
                     additional investments in tooling and technology in order to become more
                     responsive to the customer. At the same time, the buyer assumes more risk.
                     Disruptions at the supplier endanger the buyer’s operations.

                  
                  
                  
                  Multisourcing (also called multiple
                     sourcing) is considered when redundant or backup sources are necessary to manage
                     risk, when local suppliers can meet requirements (e.g., transportation costs,
                     organizational commitment to purchase a percentage of materials from local
                     suppliers), or when a single supplier cannot supply the required volume.

                  
                  
                  Most organizations view sole sourcing as
                     necessary but to be avoided whenever possible. Single sourcing is considered as
                     high risk and to be used only with key, trusted partners. Multisourcing is
                     considered as the desired goal for the majority of supply requirements. In some
                     cases, an organization will multisource but only with a small number of
                     suppliers—perhaps only two, which can be referred to as dual sourcing. Using a
                     small number of suppliers may provide the benefits of closer relationships but
                     at less risk. Using two or more sources can help avoid risks or issues that
                     could occur when using only a single source, for example, an employee strike, a
                     machine malfunction, or even a factory fire. If multisourcing were used in these
                     instances, the supply would be disrupted but not stopped entirely.

                  
                  
                  The use of single rather than multiple
                     suppliers was growing prior to 2020, but this trend has slowed or reversed
                     following numerous supply chain failures. Here are arguments for using a single
                     supplier strategy:

                  
                  
                  
                     
                     	
                        
                        
                        Simplifying transactions (to reduce
                           costs)

                        
                        

                     
                     
                     	
                        
                        
                        Leveraging supplier assistance in new
                           product development (to increase speed and quality)

                        
                        

                     
                     
                     	
                        
                        
                        Improving communication (to increase
                           speed and dependability)

                        
                        

                     
                     
                     	
                        
                        
                        Increasing supply security (also to
                           increase dependability)

                        
                        

                     

                  
                  
                  Here are arguments for using multiple
                     suppliers rather than single suppliers:

                  
                  
                  
                     
                     	
                        
                        
                        Geographic diversification of
                           suppliers including some local sourcing can reduce risks of supply
                           disruptions, not only due to things such as extreme weather events but
                           also risks such as port congestion or new government tariffs.

                        
                        

                     
                     
                     	
                        
                        
                        Splitting up a proprietary product
                           or enabling technology design so that each supplier gets only a
                           particular part can reduce the risk of supplier appropriation.

                        
                        

                     
                     
                     	
                        
                        
                        While each supplier might have
                           other clients and therefore has some risk of not being able to supply
                           all promised material, using multiple suppliers each with their own
                           minimum supply levels, specified by contract, will diversify this
                           risk.

                        
                        

                     

                  
                  
                  In certain circumstances, companies take
                     a strategic sourcing approach. This would involve signing long-term contracts or
                     forming long-term partnerships with one or two companies whose materials and
                     services are considered critical.

                  
                  
                  Exhibit 4-98 details the advantages and disadvantages of multiple and single
                     sourcing.

                  
                  
                  
                     
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 4-98: Advantages and Disadvantages of Multiple and Single Sourcing
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Multiple Sourcing

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Single Sourcing

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Advantages
                                       include

                                    
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Better
                                             prices, quality, and service due to
                                             competition

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Less
                                             vulnerability to supply disruptions

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Wider
                                             availability of knowledge sources and
                                             expertise.

                                          
                                          

                                       

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Advantages
                                       include

                                    
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Greater
                                             significance of larger contracts to suppliers

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Ease of
                                             communications, transactions

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          More
                                             cooperation on new product development

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Shared cost,
                                             quality, and competitive advantage from
                                             collaboration.

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Disadvantages
                                       include

                                    
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Higher
                                             transaction costs

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Suppliers not
                                             as committed

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Fewer
                                             economies of scale

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          More effort
                                             to communicate.

                                          
                                          

                                       

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Disadvantages
                                       include

                                    
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Individual
                                             supplier more affected by volume fluctuations

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Upward
                                             pressure on prices if other suppliers are not
                                             being considered

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Buyer
                                             vulnerable to supply disruption.

                                          
                                          

                                       

                                    
                                    
                                 

                              
                           

                        

                     
                     

                  
               
               
               

            
            

         
         
         
         
            
            
            Risk versus Profit Matrix

            
            
            
            
               
               
               A 1983 Harvard Business Review article by Peter Kraljic
                  has had some staying power. The article compares material purchasing needs to the
                  complexity of the supply market to distinguish between types of supply management
                  strategies. The resulting matrix describes possible buying approaches. An
                  organization may have multiple supply approaches that align with the nature of the
                  materials it purchases.

               
               
               
               “Material purchasing needs” include
                  information about the value of the material in question to the organization (such
                  as
                  competitive value or customer importance), the percentage of the material’s cost
                  compared to total material cost, and the impact of the material’s cost to
                  profitability. These factors contribute to the risks associated with purchasing the
                  item in question. High-risk materials can affect organizational operation and profit
                  if not managed carefully.

               
               
               
               “Supply complexity factors” include factors
                  that contribute to supplier power (e.g., the number of capable suppliers, the speed
                  of technological change) and factors that affect the value of outsourcing (e.g., the
                  complexity and costs of logistics). These factors affect the strength of the
                  purchaser to negotiate and achieve better terms. High-impact materials can exert a
                  stronger effect on an organization’s profitability.

               
               
               
               As shown in Exhibit 4-99, the matrix creates
                  four quadrants, each representing a type of item. The item’s characteristics will
                  shape the sourcing strategy the purchaser uses.

               
               
               
               
                  Exhibit 4-99: Supply Risk v. Profit Impact[image: A 2x2 matrix categorizing items based on supply risk (vertical axis) and profit impact (horizontal axis). The four categories are Bottleneck items, Strategic items, Noncritical items, and Leverage items. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               Designing and Managing the Supply
                     Chain refers to these types of items as follows:

               
               
               
               
                  
                  
                  	
                     
                     
                     Strategic items, which have high risk and high profit
                        impact. In the Harvard Business Review
                        article, Kraljic characterizes strategic items as high-value and scarce.
                        Therefore, they directly affect the ability to satisfy customers and
                        profitability. For example, these could include batteries for electric cars.
                        Purchase is generally managed by a centralized authority to achieve
                        long-term availability.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Leverage items, which have a high profit impact but lower
                        risk because they are available from multiple sources. Taking advantage of
                        buyer strength can yield profit because the items represent a large share of
                        costs. Purchasing may be decentralized but guided by a centralized
                        policy.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Bottleneck items, which have high supply risk but do not
                        represent a large portion of the materials budget. They may not contribute
                        significantly to cost, but they are high risk because their unavailability
                        will create production problems. Suppliers therefore have more power, and,
                        to counter this, the purchaser develops multiple sources so that goals of
                        reliability and cost can be met.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Noncritical items, which are available reliably in terms of
                        volume, price, and quality. They do not significantly affect profit. These
                        items may be purchased locally, with a short time frame, and on a best-price
                        basis without centralized approval.

                     
                     

                  
                  

               
               
               

            
            

         
         
         
         
            
            
            Strategic Sourcing, Sourcing Management, and Tactical
               Buying

            
            
            
            
               
               
               The distinctions between purchased materials
                  point to the need for three basic approaches to procurement: strategic sourcing,
                  sourcing management, and tactical buying.

               
               
               
               
                  
                  Strategic
                     Sourcing

                  
                  
                  
                  
                  
                     Strategic sourcing is defined in the ASCM Supply Chain Dictionary as
                     follows:

                  
                  
                  
                  
                     
                     A comprehensive approach for
                        locating and sourcing key materials suppliers, which often includes the
                        business process of analyzing total-spend-for-material spend categories. The
                        approach includes a focus on the development of long-term relationships with
                        trading partners who can help the purchaser meet profitability and customer
                        satisfaction goals. From an information technology applications perspective,
                        it includes automation of requests for quotes, requests for proposals,
                        electronic auctioning (e-auction or reverse auction), and contract
                        management processes.

                     

                  
                  
                  
                  Strategic sourcing is best for
                     products that are both high in supply risk and high in the material’s profit
                     impact per the risk versus profit matrix.

                  
                  
                  
                  Strategic sourcing aligns procurement practices with the
                     organization’s overall business strategy. For example, an organization may focus
                     more on total cost of ownership and costs of quality. It may become more
                     proactive in creating new solutions by selecting suppliers with certain
                     capabilities (e.g., the ability to collaborate in product design) or
                     certifications (e.g., a quality or sustainability certification). Strategic
                     sourcing can increase the buyer’s competitive advantage and/or reduce its risk.
                     In addition, it can be used to decrease the complexity of the supply chain (by
                     reducing the number of supply partners), which can increase costs and
                     risks.

                  
                  
                  
                  By its nature, strategic
                     sourcing is a costly and time-consuming process. It requires collaboration
                     throughout the organization. For example, product engineering must have input
                     into supplier requirements but may also adjust its work to align with selected
                     suppliers. Although strategic sourcing is a complex and lengthy process, it aims
                     at creating longer relationships that can have a large impact on the
                     organization’s strategic goals.

                  
                  
                  
                  The process for strategic sourcing is generally attributed to the consulting
                     firm A. T. Kearney. It includes four basic steps, which are summarized in Exhibit 4-100.

                  
                  
                  
                  
                     Exhibit 4-100: Strategic Sourcing Process[image: A flowchart illustrating the process of developing and executing a sourcing strategy. The flowchart has four main sections arranged vertically with arrows indicating the sequence: Internal Analysis, External Analysis, Strategy Formulation, and Strategy Execution. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Internal analysis. The sourcing team analyzes the item category
                           and establishes who uses the material and in what forms or models, how
                           much material is used, and when it is used. The team works with internal
                           experts to establish the true supply cost, which will include the costs
                           associated with the item over its use lifetime—the total cost of
                           ownership, which will include scrap, transportation, disposal, and so
                           on. It will also include administrative costs, such as order processing,
                           and special process requirements, such as just-in-time deliveries. The
                           internal users become stakeholders in this process. The organization’s
                           strategic sourcing goals are defined by management.

                        
                        

                     
                     
                     
                     	
                        
                        
                        External analysis. The team researches the market to establish
                           major suppliers, price ranges, competitive forces, risks, and so on.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Strategy formulation. Strategies are formulated for each
                           category of materials. Individual strategies will depend on the
                           characteristics of material use and the market for the material. The
                           strategy will describe the supplier selection criteria and process and
                           the goals for supplier relationships (e.g., design collaboration, lean
                           practices). The strategy decides what type of sourcing to use: sole,
                           multiple, or single.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Strategy execution. The team solicits tenders, reviews
                           suppliers’ qualifications, and selects preferred suppliers. Contracts
                           are negotiated and finalized. Supplier performance against the contract
                           and the goals of the relationship are reviewed regularly.

                        
                        

                     
                     

                  
                  
                  
               
               
               
               
                  
                  Sourcing
                     Management

                  
                  In terms of the risk versus
                     profit matrix, sourcing management is used when risk is high but the material’s
                     profit impact is low or moderate—bottleneck items. The approach is similar to
                     strategic sourcing in that a preferred list of suppliers may be created.
                     However, the sourcing goals, the time frame, and the nature of the relationships
                     are different. The goals are to secure materials as reliably as possible at the
                     best total cost of ownership. Leveraging competition among suppliers means that
                     relationships may be shorter. Unlike the strategic sourcing relationship, the
                     purchasing organization and the supplier are less integrated but may still
                     collaborate to create value.

                  
                  
                  Sourcing management may make an organization’s supply chain global, as
                     purchasing managers seek more competitive prices. These global suppliers pose
                     certain risks, however, including the following.

                  
                  
                  
                     
                     	
                        
                        
                        Currency exchange rates and
                           transportation costs (e.g., increase in fuel costs) can change the
                           benefit-cost balance.

                        
                        

                     
                     
                     	
                        
                        
                        Transportation can increase the
                           risks of reliable supply. For example, a port may be shut down because
                           of a labor strike.

                        
                        

                     
                     
                     	
                        
                        
                        A longer supply lead time may
                           reduce the organization’s flexibility in managing inventory to meet
                           changing demand.

                        
                        

                     
                     
                     	
                        
                        
                        Supplier behavior may be more
                           difficult to monitor, which poses governance and sustainability
                           risks.

                        
                        

                     
                     
                     	
                        
                        
                        The global relationship may
                           require skills that the organization does not possess, such as cultural
                           familiarity or technological ability to track activities.

                        
                        

                     

                  
                  
                  
                  To manage these risks,
                     organizations committed to global sourcing strategies may create teams with
                     specific cultural, financial, and logistical
                     skills.

                  
               
               
               
               
                  
                  Tactical
                     Buying

                  
                  
                  
                  
                  Strategic sourcing is to be
                     distinguished from tactical buying, defined in the ASCM Supply Chain Dictionary as follows:

                  
                  
                  
                  
                     
                     The purchasing process focused on
                        transactions and nonstrategic material buying. It is closely aligned with
                        the ordering portion of executing the purchasing transaction process. Its
                        characteristics include stable, limited fluctuations; defined standard
                        specifications noncritical to production; no delivery issues; and high
                        reliability concerning quality-standard material with very little concern
                        for rejects.

                     

                  
                  
                  
                  Unlike strategic sourcing, which
                     involves establishing long-term relationships, tactical buying is
                     transaction-based. It is best suited to leveraged and noncritical materials
                     rated as low risk in the risk versus profit matrix.

                  
                  
                  
                  Tactical buying situations are characterized by the following
                     conditions:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        There are many competing
                           suppliers, which creates room for bidding.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The products have standard
                           specifications and are available at comparable and reliable levels of
                           quality.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Material requirements have
                           stable usage rates and predictable schedules.

                        
                        

                     
                     

                  
                  
                  
                  Tactical buying uses a
                     straightforward purchasing process. Exhibit 4-101 goes over
                     decision factors involved in determining when to use strategic sourcing versus
                     when to use tactical buying.

                  
                  
                  
                  
                     
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 4-101: When to Use Strategic Sourcing and Tactical Buying
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                                    Greater need for control over
                                       delivery, inventory levels

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Standard levels of quality, maintained
                                       consistently

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Quality

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Greater need for quality control,
                                       greater risks for unknown supplier quality (e.g., new
                                       product designs or technology)

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Well-established, little need for
                                       variation or customization
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                                    Sharing of technology with supplier
                                       necessary, concurrent engineering opportunities

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Stable, flat, predictable
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                                          trends

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Volatile, subject to competitive
                                       rivalry

                                    
                                    
                                 

                              
                           

                        

                     
                     

                  
               
               

            
            

         
         
         
         
            
            
            Strategic Alliances, Strategic Partnerships, and Joint
               Ventures

            
            
            
            
               
               
               An organization may increase its
                  scope by entering into horizontal or vertical relationships with separate
                  entities—not by building or acquiring capabilities but by collaborating with others.
                  This strategy may create a virtual organization, which the ASCM
                     Supply Chain Dictionary defines as

               
               
               
               
                  
                  short-term alliances between independent
                     organizations in a potentially long-term relationship to design, produce, and
                     distribute a product. Organizations cooperate based on mutual values and act as
                     a single entity to third parties.

                  

               
               
               
               The ASCM Supply Chain Dictionary offers the following definitions of these types of
                  relationships:

               
               
               
               
                  
                  
                  	
                     
                     
                     A strategic alliance is

                     
                     
                     
                        
                        a relationship formed by two or
                           more organizations that share proprietary information, participate in
                           joint investments, and develop linked and common processes to increase
                           the performance of both companies. Many organizations form strategic
                           alliances to increase the performance of their common supply chain.

                        

                     
                     
                     
                     The participants do not merge or
                        formally join their entities. Rather, they commit their resources to a joint
                        activity. For example, two car manufacturers might form an alliance to
                        develop a revolutionary engine. Individually, neither has the resources to
                        accomplish the task, but together they can create the engine and share the
                        profits. Frequently the parties in a strategic alliance have complementary
                        competencies. A small pharmaceutical company may have a patent for a highly
                        profitable medicine but little experience in marketing and almost no sales
                        force. By forming an alliance with a larger company, it can gain access to
                        both and still retain a reasonable share of future profits.

                     
                     
                     
                     A strategic alliance likely has a
                        clear, shared strategic goal and an agreed-upon business plan. A strategic
                        alliance involving IBM, Microsoft, and Intel, for example, had a clear
                        business goal: to achieve early market share leadership in the PC market by
                        leveraging the competencies of the three leading brands. IBM’s strategy
                        eventually failed as the market became more crowded and competitive.
                        Alliances also have life cycles.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Strategic
                           partnerships are “alliances with top supplier and buyer
                        performers to enhance a firm’s performance.” A financial services business
                        may form a strategic partnership with one of its technology providers to
                        create a new software system designed for the needs of this industry. In
                        another example, Apple and IBM created a strategic partnership to penetrate
                        the global corporate enterprise market by leveraging big data analytics,
                        industry sales consultants, and software developers.

                     
                     

                  
                  
                  
                  	
                     
                     
                     A joint
                           venture is “an agreement between two or more firms to risk equity
                        capital to attempt a specific business objective.” Generally, the result of
                        this agreement is a third organization that is owned jointly by the two (or
                        more) investors. Two pharmaceutical companies may decide to invest in
                        creating a third company that will create software applications for
                        health-care providers. In a real example, NBC Universal Television Group and
                        Disney ABC Television Group created a joint venture in 2008 called Hulu for
                        video streaming with commercials.

                     

                  
                  

               
               
               
               In supplier partnerships, organizations
                  have compatible strategies, which allows the buyer to achieve its business
                  objectives and the seller to compete more effectively against its rivals. For
                  example, a large chain of home improvement centers wants to manage costs and
                  stockouts. It partners with suppliers who have the expertise to manage inventory
                  levels at the chain’s stores and to lower the cost of transporting goods. In this
                  relationship, suppliers are informed of promotions and have access to stock level
                  information. They work with the chain’s purchasing department to create full
                  truckloads.

               
               
               
               These arrangements offer the opportunity for
                  growth without as large an investment of resources and an exposure to risk.

               
               
               
               A few key suppliers may become trusted
                  partners over time. Often these will be single-source arrangements with long-term
                  commitments. Contracts can be designed to ensure that both parties work to integrate
                  further over time. In addition to a long-term commitment, two other things are
                  needed for these relationships to work: shared vision and trust. Organizations that
                  choose to see the mutual relationship as a shared destiny will develop a shared
                  vision of what the relationship should accomplish. They will communicate at every
                  level of management, both formally and informally, to ensure that these goals are
                  realized. For example, manufacturing professionals in each organization should
                  promptly share information on material requirements and availability. Trust is not
                  developed immediately, especially when proprietary technology or financial details
                  are at risk, so this will build over time as each party fulfills its
                  responsibilities.

               
               
               
               The perspective on these relationships needs
                  to be on the supply chain as a whole. Decisions that reduce costs to the final
                  customer need to take priority over decisions that simply shift costs from one party
                  to the other. These relationships can become mutually dependent, meaning that
                  together the organizations get more done than either could independently. They plan
                  together, innovate solutions together, and work to reduce costs together, often
                  sharing the cost savings equitably. Teams are cross-functional, meaning that each
                  functional area works directly with its counterparts at the other organization.
                  Supplier relationship management tools are especially important to use to maintain
                  relationships with trusted partners.

               
               
               
               The benefits of developing a few trusted
                  partnerships can include shorter lead times, shorter product development times,
                  better quality, and lower total cost. Suppliers will see benefits in terms of
                  regular business they can rely on and the ability to plan more effectively, which
                  can help them reduce costs. If the organizations integrate their information
                  systems, they can also collaboratively forecast together and eliminate the bullwhip
                  effect (the increase in variability in orders that becomes more pronounced the
                  further upstream one goes in a supply chain when only order information is
                  communicated).

               
               
               
               Lean production environments rely
                  particularly heavily on a few trusted suppliers. Lean emphasizes perfect quality,
                  allowing incoming inspection to be eliminated. This generally requires that the
                  supplier have a continuous quality improvement program. (Such programs are the goal
                  even in conventional manufacturing environments.) The supplier will also need to
                  deliver materials just in time, which typically requires that they also use a lean
                  production environment. Finally, they will plan their long-term capacity on the
                  basis of this long-term agreement, so the trust in an ongoing relationship needs to
                  be mutual.

               
               

            
            

         
         
         
         
            
            
            Supplier Collaborative
               Relationships

            
            
            
            
               
               
               Collaborative relationships with
                  suppliers go beyond individual transactions. They can span months or years. They can
                  vary in levels of formality, from joint ventures in which both sides invest equity
                  and share risks and profits to formal or informal agreements to work together in
                  certain areas.

               
               
               
               What these relationships have in common is a
                  potential for mutual gain built by suppliers and customers applying their unique
                  competencies and committing to a level of trust that allows the organizations to
                  exchange information about their strategies and business processes. Such
                  relationships also require advanced communication technology and different skill
                  sets (e.g., greater familiarity with electronic commerce and transaction float
                  times) and a broader perception that focuses on a larger common goal. Some of these
                  relationships can result in the creation of a virtual organization that is built on
                  agreements between supply chain participants rather than ownership.

               
               
               
               Suppliers can support the inventory management
                  strategies of manufacturers and retailers. An example of collaborative relationships
                  is concurrent engineering.

               
               
               
               
                  
                  Concurrent Engineering

                  
                  Rather than having a sequential process that makes
                     collaboration difficult and the need for rework and a very slow design process
                     likely, concurrent engineering aims at using a cross-functional team approach.
                     This allows multiple internal departments, customers, and key suppliers to
                     provide input into the design process simultaneously. Concurrent engineering, or participative design/engineering, is defined in
                     the ASCM Supply Chain Dictionary as
                     follows:

                  
                  
                  
                     
                     A concept that refers to the
                        simultaneous participation of all the functional areas of the firm in the
                        product design activity. Suppliers and customers are often also included.
                        The intent is to enhance the design with the inputs of all the key
                        stakeholders. Such a process should ensure that the final design meets all
                        the needs of the stakeholders and should ensure a product that can be
                        quickly brought to the marketplace while maximizing quality and minimizing
                        costs.

                     

                  
                  
                  
                  Suppliers can participate at
                     various levels of intensity—from acting as sources of information to
                     participating as part of the design team to undertaking parts of the design
                     (e.g., the interface with the supplier’s component). They can contribute ideas
                     that increase standardization of design elements (which will lower total costs)
                     and simplify designs (which will speed time to market and lower production
                     costs).

                  
                  
                  This type of
                     relationship requires trust, backed up with confidentiality agreements and
                     patent protections.

                  
               
               
               
               
                  
                  Concurrent Engineering Partnerships with the
                     Shipbuilder

                  
                  
                  
                  The shipbuilder has been awarded a
                     government contract to build an emergency towing vessel. Few components are
                     standardized, and the performance requirements are specific. For example, one
                     design objective for the engine is to allow thrust to be directed laterally. The
                     engines and the hull must support this operation.

                  
                  
                  
                  The shipbuilder develops a group of
                     trusted and valued subcontractors. They have excellent resources and are easy to
                     work with. One in particular has had experience with the demands and operating
                     environment of this type of vessel. Rather than issue a request for a bid on
                     services, the shipbuilder’s team feels comfortable entering into a contract with
                     this firm on the basis of projected fee schedules and costs.

                  
                  
                  
                  Early in the project, a project
                     sub-team meets with this contractor to review the initial designs. The
                     contractor makes informed contributions about the materials in the intended
                     environment. The contractor and the shipbuilder together conduct analyses and
                     simulations under varying conditions. As a result of this collaboration, the
                     engineering drawings are refined and the procurement specifications are
                     finalized.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Logistics and Supply Chain Improvement

            
            
            
            
               
               
               Logistics—the movement and handling of goods
                  along the supply chain—can represent a significant portion of an organization’s
                  costs. Supply chain management is a larger process that extends to external
                  partners. Improvements in these areas can involve both suppliers and customers.

               
               
               
               
                  
                  Logistics Improvement

                  
                  
                  
                  
                  More
                     efficient logistics can create competitive advantage by lowering costs and
                     shortening lead times. Logistics can be improved both upstream and downstream.
                     For example, suppliers can reduce a manufacturer’s lead time and handling costs
                     by delivering directly to a shop floor—to the point of use.

                  
                  
                  
                  Manufacturers may
                     shorten delivery lead time for retailers by shipping directly to consumers or by
                     employing cross-docking. Cross-docking is
                     defined in the ASCM Supply Chain Dictionary as
                     follows:

                  
                  
                  
                  
                     
                     The concept of packing products on
                        incoming shipments so they can be easily sorted at intermediate warehouses
                        or for outgoing shipments based on final destination. The items are carried
                        from the incoming vehicle docking point to the outgoing vehicle docking
                        point without being stored in inventory at the warehouse. Cross-docking
                        reduces inventory investment and storage space requirements.

                     

                  
                  
                  
                  By using cross-docking, retailers
                     such as Walmart have decreased inventory at their distribution centers; many of
                     the goods never come to rest but are instead immediately loaded onto outgoing
                     vehicles headed to their retail
                     locations.

                  
                  
                  
                  
                  
                     Third-party logistics (3PL) is defined in the
                     ASCM Supply Chain Dictionary as follows:

                  
                  
                  
                  
                     
                     [An arrangement in which] a buyer
                        and [a] supplier team with a third party that provides product delivery
                        services. This third party may provide added supply chain expertise.

                     

                  
                  
                  
                  For example, a 3PL may deliver
                     supplies to a manufacturer and then deliver finished goods to distribution
                     centers.

                  
                  
                  
                  3PL relationships are
                     distinctive because they are usually multi-year agreements and often allocate to
                     the supplier a higher level of management and oversight over the logistics
                     process.

                  
                  
                  
                  The advantages of a 3PL
                     relationship include

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Allowing the manufacturer to
                           focus its time on its core competencies. 3PLs can assume different
                           responsibilities, including managing delivery schedules, tracking
                           shipments, and managing inventory levels. This requires a high level of
                           transparency and trust in the relationship.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Transferring necessary
                           investments for transportation (e.g., trucks, depots, cross-docking
                           warehouses, scheduling software, skilled employees) to the 3PL.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Gaining benefit from the 3PL’s
                           greater familiarity with cost-saving delivery strategies (e.g.,
                           combining modes of transportation) and delivery issues in particular
                           regions.

                        
                        

                     
                     

                  
                  
                  
                  Note also that there is a related
                     term, fourth-party logistics (4PL), which involves outsourcing the design and
                     management of the entire logistics function to a general contractor who usually
                     subcontracts out most of the work and then manages the
                     subcontractors.

                  
                  
                  
                  
                  
                     
                     
                     3PL
                           and the Fast Fashion Retailer

                     
                     
                     
                     The fast fashion retailer has made
                        the strategic decision to shed its logistics resources (its planners,
                        warehouses, equipment, and employees) and focus its resources instead on
                        product development and marketing. After a year-long process that involved
                        multiple rounds of proposals, interviews, site visits, and negotiations, the
                        organization has selected a 3PL provider.

                     
                     
                     
                     This provider leases the
                        organization’s existing warehouses and truck fleets and assumes
                        responsibility for domestic and overseas shipping to the retailer’s stores.
                        The 3PL has a proven track record in cross-docking and warehouse management
                        and special expertise in preparing clothing after bulk shipment to in-store
                        condition (e.g., ironing, steaming, labeling). The agreement with the 3PL
                        specifies certain targets: ranges of budgets, delivery lead times that will
                        ensure exact stock levels at the stores, perfect orders (the right items in
                        the right quantity and in good condition).

                     
                     
                     
                     A small department has been set up
                        within the fast fashion firm to communicate with the 3PL, but much of the
                        communication is conducted automatically via enterprise resources planning.
                        Orders are transmitted automatically, and the 3PL ensures that the retailer
                        can track shipments as needed. The retailer also contracts with the 3PL for
                        them to create merchandising displays in their warehouses and ship them to
                        stores.

                     
                     
                     
                     The relationship is reviewed
                        annually against these quantitative targets. The fast fashion retailer also
                        surveys regional and store managers to gather information about the
                        point-of-sale experience.

                     
                     
                  
               
               
               
               
                  
                  Supply Chain Continuous Improvement

                  
                  There are opportunities
                     both upstream and downstream to improve the performance of individual
                     participants and the entire supply chain. These opportunities include the
                     following:

                  
                  
                  
                  
                     
                     	
                        
                        
                        
                           
                              Investing resources in projects to achieve mutual goals.
                              
                           For
                              example, a manufacturer might invest in a supplier to support
                              implementation of a new information system that will make the
                              manufacturer’s system more efficient. A supplier may commit to
                              obtaining ISO 9000 certification to support a manufacturer’s quality
                              program. A large manufacturer may provide financial guidance to a
                              struggling supplier—helping the supplier but also supporting its
                              supplier network strategy.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Designing processes to improve communication.
                              
                           For
                              example, manufacturers can promptly and fully communicate
                              engineering changes to suppliers affected by the changes.
                              Distributors can be included in manufacturer councils to provide
                              manufacturers with a better sense of customer demand, reactions, and
                              requirements. They can even suggest product development ideas.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Working with supply chain partners to achieve sustainable
                                 goals.
                              
                           For
                              example, Walmart scores its suppliers’ packaging practices, which
                              has resulted in significant reductions in greenhouse gas emissions
                              associated with packaging over the years. Improvements in supplier
                              performance can be applied to the buyer’s own sustainable
                              performance objectives.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Providing training—on management, service, or sales—and technical
                                 support to downstream partners.
                              
                           For
                              example, an engine manufacturer sends product engineers to
                              distributor service centers to discuss diagnostic and repair
                              techniques. It also pledges to express-ship parts or even subsidize
                              towing service for trucks that are out of commission on long
                              hauls.
                           

                        
                        

                     

                  
                  
                  
                     
                     
                     Motorcycle Manufacturer-Dealer Integration Example

                     
                     
                     
                     The motorcycle manufacturer sells
                        its cycles through a network of dedicated dealers. This arrangement works
                        well for the dealers, who benefit from the brand and the manufacturer’s
                        investment in advertising and other dealer services. And it benefits the
                        manufacturer as well by extending its reach into new geographical markets.
                        The arrangement also gives the manufacturer some control over dealer
                        activity that could affect the perception of its brand.

                     
                     
                     
                     
                     If either side in a strategic
                        alliance is unhappy, the relationship can be dissolved—not easily, but it
                        can be done. The manufacturer would prefer to keep its dealers involved and
                        satisfied with the relationship. Losing a dealer would probably strengthen a
                        competitor, and finding a new dealer willing to commit the necessary
                        resources to support the manufacturer’s standards would be time-consuming
                        and expensive. The manufacturer has in the past lent start-up funds to
                        dealers at favorable rates.

                     
                     
                     
                     Here are some of the services and
                        collaborative activities the motorcycle manufacturer and its dealer network
                        have developed over the years:

                     
                     
                     
                     
                        
                        	
                           
                           
                           A dealer council has been
                              established that includes a cross-section of dealers: highly
                              influential and high-volume urban dealers as well as newer and
                              smaller dealers, some in new markets. The dealer council provides
                              input on product development and advertising.

                           
                           

                        
                        
                        	
                           
                           
                           The manufacturer runs
                              cooperative advertising programs with its dealers, providing some
                              local advertising money and also materials that can be used in
                              advertising.

                           
                           

                        
                        
                        	
                           
                           
                           The manufacturer provides
                              technical training on new products and special repair and
                              maintenance topics. Training may be delivered at the facility or
                              online. Business management training is also offered for dealers and
                              their salespeople.

                           
                           

                        
                        
                        	
                           
                           
                           The manufacturer’s
                              engineering department has a team dedicated to working with dealers
                              on difficult repair problems. Sometimes this collaboration leads to
                              improved designs in future products.

                           
                           

                        

                     
                     
                  
               
               

            
            

         
         
   
      
         
         
         
         Capable
            Suppliers and Contracts

         
         
         
         
            
            
            Capable suppliers
               meet the organization’s procurement goals on a regular basis. They also
               meet purchasing objectives and criteria as discussed elsewhere.
               Here we look at ways to identify capable suppliers, including performing
               supplier capability assessments and supplier audits and requiring
               supplier certifications. After that, we discuss the contracting
               process, including contract types and negotiating contracts and
               prices.

            
            

         
         
         
         
         
            
            
            Supplier Capability Assessment

            
            
            
            
               
               
               Both the manufacturer (or buyer)
                  and its supplier have a vested interest in the supplier’s ability
                  to design and produce products for the manufacturer. The purpose of
                  assessing supplier capability is to

               
               
               
               
                  
                  
                  	
                     
                     
                     Qualify the product
                        designed by the supplier to make sure that it fulfills the buyer’s
                        requirements

                     
                     

                  
                  
                  
                  	
                     
                     
                     Qualify
                        the manufacturing process that will be used to produce the product.

                     
                     

                  
                  

               
               
               
               Products must meet the
                  characteristics and production specifications that are required
                  for internal quality processes and customer requirements. The ASCM Supply Chain Dictionary defines
                  related terms as follows.

               
               
               
               
                  
                  Critical characteristics: The attributes of a product
                     that must function properly to avoid the failure of the product.

                  
                  Critical-to-quality characteristics
                        (CTQ): The important
                     and measurable traits of a product or process whose performance
                     targets must be met to satisfy the customer. They adjust improvement
                     efforts to meet consumer requirements. CTQs represent customer expectations
                     for a product.

                  
                  First pass yield: The ratio of products that
                     conform to specifications without rework or modification to total
                     input.

                  
                  First-article inspection: A quality check on the first
                     component run after a new setup has been completed.

                  

               
               
               
               
                  
                  Qualifying
                     Product Design

                  
                  
                  
                  
                  The qualification
                     process for product design is outlined in Exhibit 4-102.

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 4-102: Qualifying Product Design
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Steps

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Key Activities and Issues

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Detailed
                                          product definition
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    To prevent test failures due to results
                                       that do not meet functional requirements, the buyer must define
                                       accurate and detailed requirements.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Production
                                          of samples
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    The supplier designs a new product to the
                                       buyer’s requirements. The supplier’s engineering department then
                                       makes models for testing, since a production process has not yet
                                       been designed.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Approval
                                          of test procedure
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    To prevent a test failure caused by an
                                       inadequate test procedure, the buyer should review and approve the
                                       procedure before the test begins.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Qualification testing
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Tests of the model are meant to show whether
                                       the supplier’s design meets performance requirements but not if
                                       the supplier can make the item under production conditions.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Analysis
                                          of test results
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Test results lead to acceptance or rejection
                                       of the design. In some cases, the supplier submits a failure mode
                                       and effects analysis (FMEA) to document the analyses to prevent
                                       product or process failures. This relates to the six sigma quality approach
                                       to the design process.

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               
               
               
                  
                  Qualifying
                     Manufacturing Process

                  
                  Qualifying
                     the manufacturing process requires assessing manufacturing process capability
                     and quality processes. Some of the more common approaches used to accomplish
                     this are as follows:

                  
                  
                  
                     
                     	
                        
                        Evaluation of experience. This
                           approach relies on data on past quality performance of similar products.
                           Data might be available within the buyer’s local operation, other
                           divisions, or industry databases.

                        

                     
                     
                     	
                        
                        Process capability analysis. Statistical
                           indices can be used before production to evaluate data on significant
                           product characteristics. These should include those related to regulatory
                           compliance requirements.

                        

                     
                     
                     	
                        
                        Quality survey. The survey
                           determines the supplier’s ability to prevent, identify, and remove
                           products that do not meet requirements from production lots. Such surveys
                           usually are conducted during the supplier selection process. If
                           the supplier has already been selected, the survey identifies improvements
                           that the supplier needs to make.

                        

                     
                     
                     	
                        
                        Surveillance of supplier quality. This
                           is the continuous process of monitoring and verifying the status
                           of a supplier’s methods, procedures, conditions, processes, products,
                           and services. There are many ways this can happen, including product inspection,
                           monitoring the manufacturing process, statistical process control
                           data, quality status meetings, audits of the supplier quality program,
                           and first-hand observation of specific operations. Depending on
                           the size of the contract and the impact of the supplier, this may
                           be an ongoing initiative.

                        

                     
                     
                     	
                        
                        Average outgoing quality limit (AOQL). The ASCM Supply Chain Dictionary defines this as
                           “the maximum average outgoing quality over all possible levels of
                           incoming quality for a given acceptance sampling plan and disposal
                           specification.”

                        

                     
                     
                     	
                        
                        Evaluating product. Exhibit 4-103 lists
                           the methods used to evaluate a supplier’s product.

                        

                     

                  
                  
                  
                     
                     
                     
                        
                        
                           
                           Exhibit 4-103: Product Evaluation Methods
                           
                           
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    Evaluation Method

                                    
                                 
                                 
                                 	
                                    
                                    Description

                                    
                                 
                                 
                                 	
                                    
                                    Products Being Evaluated

                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    100% inspection (every
                                          time)

                                    
                                 
                                 
                                 	
                                    
                                    The act of inspecting or testing every
                                       item in an incoming or outgoing lot.

                                    
                                 
                                 
                                 	
                                    
                                    Critical items; risk of defect justifies
                                       cost of inspection.

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Sample
                                          (sampling plan)

                                    
                                 
                                 
                                 	
                                    
                                    Within acceptance sampling, setting the sample
                                       size and the number of defective units that will trigger rejection
                                       of a lot.

                                    
                                 
                                 
                                 	
                                    
                                    Important items; supplier has adequate
                                       quality record.

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Identifying inspection

                                    
                                 
                                 
                                 	
                                    
                                    Measuring, examining, testing, or gauging
                                       one or more characteristics of a good or service and comparing the
                                       results with specified requirements to determine whether conformity is
                                       achieved for each characteristic.

                                    
                                 
                                 
                                 	
                                    
                                    Items not critical; reliability of the
                                       supplier and quality of the product have been established.

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    No inspection

                                    
                                 
                                 
                                 	
                                    
                                    Lot is sent directly to the end location.

                                    
                                 
                                 
                                 	
                                    
                                    Standard materials; not used in products;
                                       office supplies.

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Accept
                                          supplier certification data

                                    
                                 
                                 
                                 	
                                    
                                    Certification procedures verifying that
                                       a supplier operates, maintains, improves, and documents effective
                                       procedures that relate to the customer’s requirements. Such requirements
                                       can include cost, quality, delivery, flexibility, maintenance, safety,
                                       and ISO quality and environmental standards.

                                    
                                 
                                 
                                 	
                                    
                                    Items for which the supplier’s quality
                                       record is strong.

                                    
                                 

                              
                           

                        

                     

                  
                  Through
                     these evaluation steps, the organization may encounter instances
                     where the product, process, or procedures do not meet the standards
                     set forth in the contract. At that point, it is important for the
                     organization to have a standard protocol for communicating the nonconformance.
                     This communication should be sure to include a specific description
                     of the defect; the best descriptions include a sample. Defect resolution
                     is outside of the scope of this course and often requires much discussion.

                  
                  
                  
                  The assessment of the
                     manufacturing process has the benefit of opening communication on
                     quality with suppliers. On the other hand, suppliers can be overwhelmed
                     with requests from buyers. ISO 9000 certification of the supplier
                     is often used instead of an individual survey. ISO 9000 certification
                     ensures that generally accepted processes for quality are in use.

                  
               
               

            
            

         
         
         
         
            
            
            Supplier Capability
               Evidence

            
            
            
            
               
               
               Evidence of supplier
                  capability can take the form of supplier audits or supplier certification.

               
               
               
               
                  
                  Supplier Audits

                  
                  
                  
                  
                  The ASCM Supply Chain Dictionary defines
                     a supplier audit as “auditing
                     supplier processes as part of a supplier development system.”

                  
                  
                  
                  Elsewhere we discuss
                     the process of selecting suppliers, including selection criteria. While
                     a supplier audit may be used during that process, it may also be
                     used when developing a partnership with suppliers. This implies
                     that the two (or more) organizations are committing to work together
                     to achieve specific goals over a longer time frame than typical
                     supply contracts may last. This helps achieve the just-in-time pillar
                     of lean.

                  
                  
                  
                  Note that
                     not every supplier can or should be considered for a partnership.

                  
                  
                  
                  The supplier audit will consider

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        The stability of the
                           supplier management system and the seriousness with which the supplier
                           approaches the partnership agreement.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Security
                           systems and other protocols possessed by the supplier to prevent
                           loss of proprietary information.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The
                           supplier’s level of commitment to quality. Imperfections in supplied
                           materials can drive unacceptable levels of waste or defects during
                           production of the product in question.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The
                           supplier’s customer service commitment and goals.

                        
                        

                     
                     

                  
                  
                  
                  Once these factors
                     have been considered and a supply partner has been selected, an organization
                     may certify a supplier based on its criteria or on criteria set
                     by an external entity.

                  
                  
               
               
               
               
                  
                  Supplier Certification

                  
                  
                  
                  
                  Another way to provide assurance of supplier
                     quality is to certify the supplier. Supplier certification is one
                     of the techniques used to manage partnership-based quality planning.
                     Related terms from the ASCM Supply Chain Dictionary follow:

                  
                  
                  
                  
                     
                     Supplier certification: Certification procedures
                        verifying that a supplier operates, maintains, improves, and documents
                        effective procedures that relate to the customer’s requirements.
                        Such requirements can include cost, quality, delivery, flexibility,
                        maintenance, safety, and ISO quality and environmental standards.

                     
                     Certified supplier: A status awarded to a supplier
                        that consistently meets predetermined quality, cost, delivery, financial,
                        and count objectives. Incoming inspection may not be required.

                     

                  
                  
                  
                  The benefits of supplier
                     certification accrue to the supplier and the buying organization.
                     Examples include

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Reduction
                           in the cost of quality for buyers: no inspection (appraisal) costs,
                           very low defect-handling costs

                        
                        

                     
                     
                     
                     	
                        
                        
                        Reduction
                           in internal and external failure costs for suppliers and buyers
                           caused by defective parts

                        
                        

                     
                     
                     
                     	
                        
                        
                        Reduction
                           in prevention costs

                        
                        

                     
                     
                     
                     	
                        
                        
                        Preference
                           in competitive bidding by suppliers.

                        
                        

                     
                     

                  
                  
                  
                  Examples of key criteria used for supplier
                     certification are shown in Exhibit 4-104.

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 4-104: Supplier Certification Criteria Examples
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Key Criteria

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Examples

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Stable processes

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Example: Statistical control and process
                                       capability studies

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Quality system documented

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Continuous improvement plans

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    No lot rejections for a specific time period
                                       (e.g., six months, one year)

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Measuring and tracking the number of rejects
                                       in lots over six months

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    No non-product-related rejections for a
                                       specific time period (e.g., six months, one year)

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          No
                                             rejects on container marking

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          No
                                             rejects on timeliness of response to documentation request

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    No negative product-related incidents for
                                       a specific time period (e.g., six months, one year)

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Ability to seamlessly integrate with the
                                       buyer’s processes and products

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Has passed a recent on-site quality system evaluation

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Supplier survey that uses defined criteria

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Agreement on product or service specifications

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Phrases that are concise and specific (e.g.,
                                       no ambiguous phrases)

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Inspection and test data available upon
                                       request

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Real-time availability of data

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
                  
                  As
                     a result of conducting supplier certification, the organization
                     would have a list of certified suppliers from which to pull when
                     a need arises.

                  
                  
                  
                  Supplier
                     quality ratings provide a quantitative summary of a supplier’s quality
                     over a specific period of time. They provide the supplier and the
                     buyer with a common language and factual information from which
                     to have quality discussions. Supplier quality ratings differ widely
                     among manufacturers in terms of individual metrics used and their
                     overall weighting. An example of a rating system is shown in Exhibit 4-105.

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 4-105: Supplier Rating Report Example
                           
                           
                              
                              
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Description

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Rating (1–10; 10 Is Best)

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Weight

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Weighted Rating

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Quality

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    9.4

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    .40

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    3.76

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Cost

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    9.0

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    .25

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    2.25

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Delivery

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    8.2

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    .25

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    2.05

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Response

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    8.5

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    .10

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    .85

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Overall combined weighted
                                       rating

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    8.9

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
                  
                  An additional
                     type of metric to consider is a lean
                        metric, defined in the ASCM Supply Chain Dictionary as follows:

                  
                  
                  
                  
                     
                     A
                        metric that permits a balanced evaluation and response, such as
                        improving quality without sacrificing quantity objectives. The types
                        of metrics are financial, behavioral, and core-process performance-related.

                     

                  
                  
               
               

            
            

         
         
         
         
            
            
            Contracts and Contract Negotiations

            
            
            
            
               
               
               A purchasing contract describes
                  item specifications, the payment conditions the supplier has accepted,
                  and the service level for the term of the contract.

               
               
               
               Contracts are
                  negotiated with specific terms and
                     conditions (defined by the ASCM Supply
                     Chain Dictionary as “all the provisions and agreements of a
                  contract”). It is important to align the terms and conditions with
                  the needs of the organization and subject them to legal review.
                  For example, some purchasing contracts are valid over an extended
                  time period and enable individual purchase orders to be issued per
                  the master terms. These master terms could create risks or opportunities
                  for one party or the other, such as whether the prices are predetermined,
                  set within a certain range, or are entirely market-based.

               
               
               
               Service
                  level agreements can include requirements such as the supplier’s
                  delivery schedule, e-commerce capability, labeling requirements
                  (e.g., label information and format, use of identification systems
                  such as bar coding or radio frequency identification), delivery
                  lead times, point-of-use delivery, and inventory targets (for vendor-managed
                  inventory arrangements).

               
               
               
               
                  
                  Types
                     of Contracts

                  
                  
                  
                  Suppliers
                     and their buyers often develop agreements or special contracts to
                     achieve tactical and strategic objectives. Selected examples of
                     such agreements or contracts are described in Exhibit 4-106.
                     Many of them reflect the need to manage and hedge both positive
                     and negative risk in relationships with supply chain partners.

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 4-106: Supplier Contract Types
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Contract
                                       Type

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Description

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Buy-back
                                       contracts

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    The
                                       seller gives the buyer the incentive to order more units by agreeing
                                       to buy back unsold goods at a negotiated price that is higher than
                                       the salvage value but lower than the full purchase price. The seller
                                       is cushioned against the buy-back obligations by the opportunity
                                       to sell more product. The buyer loses some money on the buy-back
                                       but achieves protection against stockouts.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Revenue-sharing contracts

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    The
                                       buyer agrees to share revenue with the seller if the seller agrees
                                       to discount the wholesale price to the buyer. The seller loses on
                                       the wholesale price but potentially gains in revenue sharing. The
                                       buyer loses some revenue but offsets this with lower wholesale costs.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Pay-back
                                       contracts

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    The
                                       buyer, such as a distributor, agrees to pay a certain price for
                                       items the manufacturer produces but the distributor ends up not
                                       buying. The manufacturer’s risk for over-production is cushioned
                                       by reimbursement, while the distributor is protected against stockouts.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Cost-sharing contracts

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    The
                                       buyer shares some production costs with the manufacturer in exchange
                                       for a discount on the wholesale price. These contracts are more
                                       popular when the seller’s cost of production is very high.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Pricing
                                       agreements

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    The
                                       buyer is allowed to buy items from a price list or catalog at a
                                       negotiated discount during a contract period.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Capacity reservation contracts

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    The
                                       manufacturer reveals its forecast of business activity by paying
                                       to reserve a given level of capacity at its supplier. The supplier
                                       mitigates its own risk of overproduction. The buyer mitigates its
                                       risk of lack of adequate and timely supply.

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               
               
               
                  
                  Negotiating Contracts

                  
                  Organizations
                     may negotiate contracts with a short list of suppliers, or, for commodities
                     and standard items, they may instead use competitive bidding and simply
                     select the lowest price. The selected supplier is issued a purchase
                     order, which is a type of one-time contract. The first decision
                     in contract negotiation is therefore the type of contract to pursue.

                  
                  
                  Longer-term contracts
                     are typically desired for materials with complex functional requirements,
                     items that might be in scarce supply, and items needed frequently
                     and in high volume. Since it can be costly to process a new purchase
                     order each time the material requirements planning system generates
                     a planned order, especially when these are small lot-for-lot purchases,
                     an alternative is to use contract buying. Contract buying can take
                     the form of a blanket purchase order, which is basically a long-term contract
                     that allows releases of materials at predetermined delivery dates.

                  
                  
                  This and even longer-term
                     contracts (such as those for more involved supply chain partnering)
                     might be used to simplify purchasing for manufacturing.

                  
                  
                  
                  What can and cannot
                     be negotiated may depend on the relative power of each party in the
                     negotiation. The supplier will have relatively more power when the
                     item is not available from many other suppliers or the supplier
                     clearly meets all of the organization’s criteria better than the
                     competition. The buyer will have more power when there are other
                     good alternatives or they can make the product themselves at a reasonable
                     cost. In cases where long-term cooperation is desired, the negotiation should
                     work to find areas of mutual benefit.

                  
                  
                  In all cases, negotiation requires thorough
                     preparation and skill. Predetermining a best alternative to a negotiated
                     agreement (what the organization could do if it needs to walk away)
                     is advisable. This might be negotiating with another supplier on
                     the short list or developing the product in house. Knowing the cost
                     of this alternative will help when deciding whether it is wise to
                     take a counteroffer.

                  
                  
                  Depending
                     on the goals of the negotiation, the following categories might
                     be part of a contract negotiation:

                  
                  
                  
                     
                     	
                        
                        Terms and conditions. This
                           includes credit terms, discounts for early payment, return policy,
                           who pays for defective products, warranties, penalties for late deliveries,
                           exit clauses, and so on.

                        

                     
                     
                     	
                        
                        Delivery and quantity. Organizations
                           can negotiate who handles delivery and who pays for it, when ownership
                           (and risk) is transferred, the quantity and frequency of deliveries,
                           package sizes, and the location of delivery. Allowable variation
                           in quantity may be specified for natural products. Specifications
                           on protective packaging and proper handling are also needed.

                        

                     
                     
                     	
                        
                        Quality. Organizations specify
                           the grade of goods, the tolerance range for variability, the number
                           of allowable defects per lot or period, and who conducts quality
                           control.

                        

                     
                     
                     	
                        
                         Pricing. Price is clearly a
                           critical part of any negotiation. It can range from a market price
                           for commodities and standard products to detailed negotiations on engineer-
                           and make-to-order items with responses to RFQs (price and other details)
                           from multiple suppliers. Areas for negotiation may include locking
                           in future prices for commodities, bulk purchase discounts, or who
                           pays for tooling costs. Taxes and tax exemptions should be factored
                           into the decision. It is typically not cost-effective to negotiate
                           for MRO (maintenance, repair, and operating) supplies; the key will
                           be to minimize the cost of ordering.

                        
                        
                        The organization’s purchasing guidelines
                           may require competitive bidding for certain items. When all other
                           conditions are equal, price may be the deciding factor in selecting
                           a supplier. However, lowest price is not necessarily a good indicator
                           of best value. The handling and delivery costs of an item (its landed
                           cost) must be considered, and the total cost of ownership (including
                           quality and product life cycle costs) should be used in comparing
                           suppliers’ prices.

                        
                        
                        The seller
                           may offer volume discounts to attract buyers, but buying inventory—even
                           at a good price—that cannot be sold quickly (or at all) will hurt operations’
                           cost performance. The buyer can perform a break-even analysis to determine
                           the impact of item prices on the sales volume required to break
                           even (for revenue to equal total costs). The formula for the break-even
                           point is
                           
                           
[image: ../images/4-e-t03_3_-_contracts_and_contract_negotiations_01_id176QA0J0DIV_mathml_150_width_2019.png]


                           

                        
                        
                        For example, a manufacturer
                           produces 1,000 units that it sells for $20. To produce these units,
                           it has fixed costs of $10,000. If variable cost is $5 per unit,
                           the break-even point will be 667 units. If sales volumes exceeds
                           667, operations makes a profit. Since the information we are seeking
                           (and do not know) is the number of units, let’s designate this as
                           variable X and then fill in the other variables with the data that
                           we do know. After that we can solve for X.
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                        What happens if the
                           variable cost decreases to $4 because a component was purchased
                           at a volume discount? The new break-even point is 625 units. The calculation
                           is shown below.
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                        Introduction to Materials Management notes
                           that materials acquisition costs can account for half of a manufacturer’s
                           cost of goods sold. Consequently, any decreases in material price
                           contribute directly to profit. At the same time, pricing must be
                           sustainable. If a supplier is forced into selling material at a
                           price below its own costs, the supplier will not be in business
                           for long.

                        
                        
                        However,
                           in addition to purchase price considerations, when buying in greater volume
                           than normal, the organization’s inventory holding costs will increase
                           (cost of storage and inventory handling), which could impact the
                           organization’s fixed costs or variable costs per unit and therefore
                           alter the break-even calculation.

                        

                     

                  
                  
                  Legal review is recommended for contracts.
                     Note that, in some cases, it may not be feasible to negotiate price
                     in advance, and some contracts will be on a cost-plus basis. This
                     type of contract is high-risk for the buyer but may be needed when
                     it is impossible to estimate costs, such as for many engineer-to-order
                     materials. Proper auditing of costs needs to be done independently.

                  
               
               

            
            

         
         
   
      
         
         
         
         Purchasing
            Cycle and Contract Buying

         
         
         
         
            
            
            Here we show
               how a well-designed purchasing system achieves organizational objectives
               by taking the purchasing process signals and executing purchasing
               using the purchasing cycle, contract buying, or other ordering approaches
               such as consignment or vendor-managed inventory.

            
            

         
         
         
         
         
            
            
            Purchasing Process Signals

            
            
            
            
               
               
               Purchasing will generally be able
                  to view the planned order releases from material requirements planning
                  (MRP) even before the planned orders have been released so that
                  they can plan ahead. These are usually executed using contract buying
                  through a blanket purchase order or another type of long-term contract.
                  When MRP data on required due dates are directly used in the supplier’s
                  master scheduling process, this can also initiate purchasing. This
                  is called supplier scheduling and is another type of contract buying.

               
               
               
               Conventional requisitions
                  originating outside of MRP may also be used to initiate purchasing
                  via the purchasing cycle, and these are issued for equipment purchases
                  as well as for unique or small-volume items needed for engineer-
                  or make-to-order production.

               
               
               
               Lean production systems use kanban
                  signals (cards, empty bins, etc.) to trigger replenishment need,
                  and often no purchase order or requisition is needed as per the long-term
                  contract with the supplier. Instead, a process of backflushing may
                  be used, which determines how many units of each subcomponent were
                  used based on MRP backflushing rules. Thus, for a door manufacturer
                  purchasing locksets, the number of units produced is multiplied
                  by the number of locksets per unit to determine the payment due
                  to the supplier and the number of units to be replenished.

               
               
               
               A similar situation
                  is called buffer replenishment. A minimum inventory level is specified
                  as a reorder point. When the inventory reaches that level, a fixed
                  amount is automatically reordered using contract ordering or a requisition
                  is generated to begin the purchasing cycle.

               
               

            
            

         
         
         
         
            
            
            Purchasing Cycle

            
            
            
            
               
               
               The purchasing cycle
                  (or ordering cycle) is used for low-volume or one-time purchasing.
                  This may include anything from new equipment or software systems
                  to office and MRO (maintenance, repair, and operating) supplies
                  such as replacement parts for equipment. It can also be used for
                  unique items needed for engineer- and make-to-order production.

               
               
               
               The tasks in the cycle
                  are generally performed by an organization’s purchasing department. Exhibit 4-107 shows
                  the steps in the purchasing cycle.

               
               
               
               
                  Exhibit 4-107: Purchasing Cycle[image: A cyclical flowchart depicting the purchasing process with five steps arranged in a circular sequence. The steps are: Generate requisition, Issue purchase order, Follow up, Receive goods, and Approve payment.]
               
               
               
               
               Each of these steps
                  is discussed next.

               
               
               
               
                  
                  Generating
                     Requisition

                  
                  The ASCM Supply Chain Dictionary defines
                     a purchase requisition as “an authorization
                     to the purchasing department to purchase specified materials in specified
                     quantities within a specified time.” A requisition is an internal
                     request to initiate a purchase order; it may be on paper or may
                     be electronic in an enterprise resources planning (ERP) system.
                     ERP simplifies the process, filling in information about the item
                     already in the records. ERP will rely on its material requirements planning
                     (MRP) module for items required in operations, but many of the materials needed
                     frequently will rely on contract buying instead of the purchasing
                     cycle. For more sporadically used items, such as maintenance or
                     repair items or new functional area software, a manual requisition
                     is made. For such needs, the functional area needing the item will
                     initiate the requisition. The requisition should provide the functional
                     requirements, quantity, and delivery requirements.

                  
                  
                  
                  There should be checks
                     and balances in whatever system is used to initiate the requisition.
                     For example, the segregation of duties will require different people
                     to perform initiation versus approval steps in the process. Requisitions
                     above a certain dollar amount usually require prior approval at
                     the appropriate level. A maximum price may also be specified.

                  
               
               
               
               
                  
                  Issuing
                     Purchase Order

                  
                  
                  
                  
                  The
                     item is ordered according to purchasing guidelines.

                  
                  
               
               
               
               
                  
                  Following
                     Up

                  
                  
                  
                  Purchasing
                     will track the status of the order to ensure that it will arrive
                     on schedule. Purchasing may reprioritize deliveries based on information
                     on changes to the material requirements plan. If the order is at
                     risk of arriving late, purchasing may expedite it, especially if
                     the lateness will impact production schedules. If the order will arrive
                     early, purchasing may de-expedite it. Purchasing will also keep
                     the requesting person or department aware of the status of the order.

                  
                  
               
               
               
               
                  
                  Receiving
                     Goods

                  
                  
                  
                  
                  Receiving
                     will compare the incoming order with the purchase order and the
                     packing slip. Any necessary inspections or item counts are also
                     performed at this time. Receipt of full and partial shipments is
                     recorded and tracked. If the order has not been completely fulfilled,
                     the purchase order is held open. Damage caused in shipment will result
                     in a freight claim to the carrier, while goods of unacceptable quality
                     will be addressed per the contract details and may or may not be
                     returned.

                  
                  
               
               
               
               
                  
                  Approving
                     Payment

                  
                  
                  
                  
                  If receiving indicates that
                     everything is in order, accounts payable reconciles the purchase
                     order, the receiving report, and the supplier invoice in a three-way
                     match before approving the invoice for payment. This acknowledges
                     that quantities and materials are correct. The accepted goods are
                     entered into inventory, and data on actual receipt date, quantities,
                     and quality are tracked for supplier monitoring and controlling
                     purposes.

                  
                  
                  
                  After
                     goods are received and accepted, the organization approves payment
                     to the supplier and closes the order. Accounts payable is then responsible
                     for payment.

                  
                  
                  
               
               

            
            

         
         
         
         
            
            
            Contract Buying and Other Ordering
               Approaches

            
            
            
            
               
               
               Organizations can
                  use a number of ordering approaches, as shown in Exhibit 4-108.
                  Note that purchase orders use the purchasing cycle for low-volume
                  or one-time purchases, while longer-term arrangements use contract
                  buying. These can take the form of blanket purchase orders or lean
                  purchasing. Two types of managed inventories are vendor-managed
                  inventory (VMI) and consignment.

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 4-108: Ordering Approaches
                        
                        
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Ordering Approaches

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Key
                                    Points

                                 
                                 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Purchasing
                                    cycle: purchase order

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Formalizes
                                          a purchase transaction with a supplier.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       States
                                          product description, quantity, price, specifications, quality requirements, ship-to
                                          address, order due date, delivery method, and purchase order number.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Terms
                                          and conditions are legally binding on all involved parties.

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Contract
                                    buying: blanket purchase order

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Preferred
                                          method to order production and maintenance supplies on a routine basis.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Typically
                                          includes a long-term commitment (usually six to 12 months) to a
                                          supplier for a material quantity at an established price; can be
                                          called contract buying.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Allows
                                          purchasing to release orders against a blanket order agreement.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Reduces
                                          transaction costs.

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Contract
                                    buying: lean purchasing

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Buyers
                                          send suppliers stable production schedules on a regular basis.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Relationship
                                          is usually collaborative and based on a mid- to long-term time frame.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Material
                                          is released to the buyer based on kanban signals.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Both
                                          buyer and supplier commit to zero defects.

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Managed inventories: vendor-managed- inventory
                                    (VMI)

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Supplier
                                          manages goods at customer locations based on access to customer data.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Supplier
                                          invoices customer according to agreement.

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Managed inventories: consignment inventory

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Supplier
                                          places goods at a customer location but maintains the title until
                                          goods are sold or consumed.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Supplier
                                          invoices the customer when goods are sold or consumed.

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               
               
               
               
                  
                  Purchasing Cycle: Purchase Orders

                  
                  
                  
                  
                  The ASCM Supply Chain Dictionary defines
                     a purchase order (PO) as follows:

                  
                  
                  
                  
                     
                     The
                        purchaser’s authorization used to formalize a purchase transaction
                        with a supplier. A purchase order, when given to a supplier, should
                        contain statements of the name, part number, quantity, description,
                        and price of the goods or services ordered; agreed-to terms as to
                        payment, discounts, date of performance, and transportation; and
                        all other agreements pertinent to the purchase and its execution
                        by the supplier.

                     

                  
                  
                  
                  Some
                     items are ordered from a list of preferred suppliers at a defined
                     price. Sometimes a more formal request-for-quote process is required.

                  
                  
                  
                  Purchasing
                     will select a supplier based on the requisition requirements and
                     approved vendor lists and issue a PO. Once released, the PO is considered
                     an open order until the end of the purchasing cycle. Alternatively,
                     purchasing might use various types of auctions or trade exchange
                     services to find suppliers when price is the primary criterion (e.g.,
                     for commodities). One example is a reverse
                        auction, which the ASCM Supply Chain Dictionary defines as

                  
                  
                  
                  
                     
                     an internet auction
                        in which suppliers attempt to underbid their competitors. Company
                        identities are known only by the buyer.

                     

                  
                  
                  
                  On the supplier side, order processing starts once
                     the customer’s order is received. Order processing is defined in
                     the ASCM Supply Chain Dictionary as

                  
                  
                  
                  
                     
                     the
                        activity required to administratively process a customer’s order
                        and make it ready for shipment or production.

                     

                  
                  
               
               
               
               
                  
                  Contract Buying (Blanket Purchase Orders
                     and Lean)

                  
                  Contract
                     buying is the authorization of material releases against a long-term
                     contract. It is used for high-volume and/or high-frequency purchases
                     such as for material requirements planning (MRP). Rather than generating
                     a purchase order, purchasing will release orders against the schedule
                     or in lots as specified in the blanket purchase order or other long-term
                     contract.

                  
                  
                  A
                     blanket purchase order is issued under a blanket agreement or master
                     contract with a supplier. Blanket purchase orders are generally
                     used when the purchaser and the supplier have agreed to the periodic
                     supply of the item at a defined price for an extended period of
                     time (usually six to 12 months). Under a blanket purchase agreement,
                     the customer may commit to purchasing a certain amount of material
                     over the agreement period. Purchasing is then able to release purchase
                     orders as they arise against this standing agreement. Blanket order
                     agreements reduce the transactional costs associated with inventory.
                     They are used primarily with materials that are bought on a regular
                     and predictable basis, such as basic production materials and maintenance
                     items.

                  
                  
                  For MRP
                     planned orders, often the supplier is given a copy or view of the
                     material requirements plan so they can produce the units that will
                     be needed. This is called supplier scheduling when the supplier
                     uses the planned orders directly in their own MRP process. Contract
                     buying is also used with kanban and buffer replenishment.

                  
                  
                  
                  In lean manufacturing, the purchasing process
                     itself can be seen as a potential source of waste. Supplier partners
                     are selected based on their willingness to collaborate in a waste-saving,
                     quality-improving process. These agreements include ways to streamline
                     communication, minimize paperwork, and enlist the supplier in problem-solving
                     and performance improvement processes. Rather than purchase orders, resupply
                     is triggered by kanban signals (e.g., empty bin, card, flashing
                     light, electronic signal). The buyer gains by decreasing inventory
                     (waste), and the supplier gains through a stable, more long-term
                     relationship.

                  
               
               
               
               
                  
                  Managed
                     Inventories (VMI, Consignment, Continuous Replenishment)

                  
                  
                  
                  
                  In vendor-managed inventory, the supplier
                     tracks and maintains inventory at agreed levels, submitting invoices
                     as defined in agreements. The ASCM Supply Chain Dictionary describes vendor-managed inventory (VMI) as
                     follows:

                  
                  
                  
                  
                     
                     A means of optimizing supply chain performance
                        in which the supplier has access to the customer’s inventory data
                        and is responsible for maintaining the inventory level required
                        by the customer. This is accomplished by a process in which resupply is
                        performed by the vendor through regularly scheduled reviews of the
                        on-site inventory. The on-site inventory is counted, damaged or
                        outdated goods are removed, and the inventory is restocked to predefined
                        levels. The vendor obtains a receipt for the restocked inventory
                        and accordingly invoices the customer.

                     

                  
                  
                  
                  When Procter & Gamble (P&G) was
                     having serious issues with its diaper production due to wide swings
                     in orders (the bullwhip effect), they determined that the root cause
                     was that they were forecasting based on orders rather than on actual
                     demand. Actual demand was not varying nearly as much, so they proposed
                     an innovative solution in the days before supply chain management
                     or integrated information systems. They proposed taking over management
                     of the inventories for their diapers at retailer stores. P&G
                     decided when to replenish based on actual demand information. This
                     innovation leveled out their production and reduced inventory levels.
                     It came to be called vendor-managed inventory.

                  
                  
                  
                  Note that this is
                     not meant to imply that VMI is the only way to mitigate the bullwhip effect.
                     Organizations can use in-house inventory management policies and
                     controls to smooth out inventory levels to some degree, for example.

                  
                  
                  
                  VMI can be used
                     with or without consignment. The ASCM Supply Chain Dictionary defines consignment in part as

                  
                  
                  
                  
                     
                     the
                        process of a supplier placing goods at a customer location without
                        receiving payment until after the goods are used or sold.

                     

                  
                  
                  
                  In an industrial
                     setting, consignment takes the form of suppliers storing inventory
                     at the buyer’s plant. The ownership is transferred when an item
                     is removed from inventory and entered into production. (Payment
                     is not made until the item is used.)

                  
                  
                  
                  A supplier representative may be on site
                     with consignment and/or VMI. Either method can minimize the bullwhip
                     effect, reduce total inventories, and minimize the chance of stockouts
                     and can also eliminate the need to make many small MRP order releases.

                  
                  
                  
                  Another variation
                     of managed inventories is called continuous replenishment. The ASCM Supply Chain Dictionary defines continuous replenishment as follows:

                  
                  
                  
                  
                     
                     A
                        process by which a supplier is notified daily of actual sales or
                        warehouse shipments and commits to replenishing these sales (for
                        example, by size or color) without stockouts and without receiving
                        replenishment orders. The result is a lowering of associated costs
                        and an improvement in inventory turnover.

                     

                  
                  
               
               

            
            

         
         
   
      
         
         
         
         Supplier
            Maintenance

         
         
         
         
            
            
            Supplier maintenance
               requires coordination, performance criteria, supplier system visibility,
               automated controls, and scorecards. We discuss supplier success, monitoring
               techniques, rating system requirements, and performance metrics.

            
            

         
         
         
         
         
            
            
            Managing Supplier
               Performance and Success

            
            
            
            
               
               
               A supplier’s success
                  is integral to the success of the organization. This will be facilitated
                  by having in place a process to monitor and evaluate supplier performance. An
                  organization’s maturity in supply management is reflected in the
                  way it approaches this task. Industry best practices include

               
               
               
               
                  
                  
                  	
                     
                     
                     Continual coordination
                        with suppliers from planning through execution

                     
                     

                  
                  
                  
                  	
                     
                     
                     Supplier
                        performance criteria and practices that are consistent across the organization

                     
                     

                  
                  
                  
                  	
                     
                     
                     Visibility
                        into supplier systems and exception alerting to enable prompt identification
                        and correction of performance issues

                     
                     

                  
                  
                  
                  	
                     
                     
                     Use
                        of current technological tools that automate communication and control

                     
                     

                  
                  
                  
                  	
                     
                     
                     Use
                        of performance scorecards with a large proportion of the organization’s suppliers.

                     
                     

                  
                  

               
               
               
               Managing supplier performance
                  can increase perfect order rates (orders that arrive at the right
                  destination on time, complete, accurate, and undamaged) and decrease manufacturing
                  lead times.

               
               
               
               
               
                  
                  Monitoring Techniques

                  
                  
                  
                  The keys to effective
                     monitoring of supplier performance include taking advantage of technology
                     that enables greater visibility of supply chain activity, capturing performance
                     data for immediate analysis or documentation purposes, automating checks
                     with purchasing rules, and communicating issues and exceptions promptly. Visibility
                     into suppliers’ systems can allow the organization to prepare its
                     own system to manage production and logistics—for example, to adjust
                     production schedules in response to delayed material delivery.

                  
                  
                  
                  Automated systems
                     can “edit” supplier actions to prevent problems that occur because
                     a supplier has violated a process rule. For example, suppliers can
                     be prevented from printing labels unless the labels conform to the
                     buyer’s requirements. Shipments may be blocked unless they conform
                     to completeness or delivery date rules. Automated systems can also
                     improve communication throughout the affected areas of the organization.
                     When a shipment is delayed, for example, production, the warehouse/receiving
                     area, and billing can be all notified at once.

                  
                  
                  
               
               
               
               
                  
                  Rating Systems and Their Requirements

                  
                  Supplier performance
                     is evaluated regularly for different purposes. Supplier measurement is defined
                     in the ASCM Supply Chain Dictionary as
                     follows:

                  
                  
                  
                     
                     The act of measuring the supplier’s performance
                        to a contract. Measurements usually cover delivery reliability,
                        lead time, and price.

                     

                  
                  
                  
                  Renewal of a contract may depend on the
                     supplier’s rating. Measurement should also be viewed as a way to
                     improve supplier performance—to identify problems, collaboratively
                     solve them, and improve outcomes for both customer and supplier.

                  
                  
                  A supplier evaluation
                     system ensures that the supplier is meeting the needs of the buyer
                     and encourages continuing process and system improvements. Effective performance
                     measurement systems therefore emphasize clear, mutual understanding of
                     expectations. Performance can be observed, measured, and analyzed.
                     This will support quick identification of problems so that root
                     causes can be analyzed. The system should also commit suppliers
                     and buyers to the prevention of errors and issues and the improvement
                     of supplier performance.

                  
                  
                  Characteristics
                     of effective performance measurement systems include the following:

                  
                  
                  
                     
                     	
                        
                        Communication and collaboration
                              with suppliers. Suppliers can collaborate on developing appropriate
                           metrics. They should be aware of the metrics that will be used to
                           measure their performance.

                        

                     
                     
                     	
                        
                        Short feedback
                              loops that promote improvement in supplier performance. Annual
                           or contract period reviews do not provide a chance for timely correction
                           of performance and prevention of errors. Performance dashboards
                           that present current performance metrics to both the organization
                           and the supplier can lead to suppliers correcting their own performance.
                           They also help keep communications clear and unambiguous, which
                           can be especially important when there are language barriers to
                           overcome.

                        

                     
                     
                     	
                        
                        Metrics
                              that are aligned with the organization’s goals. For example,
                           in a lean-oriented production system, supplier metrics might emphasize

                        
                        
                        
                           
                           	
                              
                              Visibility into
                                 the supplier’s system to prevent accumulation of inventory

                              

                           
                           
                           	
                              
                              Trust, which is necessary for collaboration
                                 to improve performance continually and eliminate waste

                              

                           
                           
                           	
                              
                              Dependability (e.g., on-time delivery,
                                 order fill rate)

                              

                           
                           
                           	
                              
                              Flexibility (e.g., lot sizes, point-of-use delivery [defined
                                 in the ASCM Supply Chain Dictionary as “near the
                                 operation in which it is to be used”)

                              

                           
                           
                           	
                              
                              Responsiveness (e.g., just-in-time deliveries,
                                 lead time from order receipt to delivery).

                              

                           

                        

                     

                  
               
               

            
            

         
         
         
         
            
            
            Supplier Performance
               Metrics

            
            
            
            
               
               
               Both the purchasing
                  process itself and the performance of individual suppliers need
                  to be monitored and controlled. Since purchasing involves large
                  amounts of money, the organization needs checks and balances and
                  audits to safeguard against fraud. Data on actual results are also
                  provided as feedback to streamline the process, to ensure that policies
                  and strategic priorities (for example, for sustainable purchasing
                  or maintaining required quality levels) are being followed, and
                  to continuously improve the total cost of ownership rather than
                  just the price.

               
               
               
               Data on the reliability
                  and quality of individual suppliers are compared to targets, and follow-up
                  is initiated when there are discrepancies. Failing to follow up
                  will be doing the supplier a disservice because they will fail to
                  correct problems and may not be given a new contract. In addition
                  to daily monitoring, long-term progress toward shared goals needs
                  to be assessed. Regular communications can be used not only to track
                  progress toward goals but also to set new goals for continuous improvement. Organizations
                  might use a balanced scorecard system or a custom scorecard for
                  these evaluations. This can allow tracking of multiple goals and
                  actual results across multiple time periods. Common areas for assessment
                  include

               
               
               
               
                  
                  
                  	
                     
                     
                     Perfect orders:
                        on time, correct place, correct quantity, correct products, acceptable
                        quality

                     
                     

                  
                  
                  
                  	
                     
                     
                     Correct
                        inventory buffer management or releases against the schedule

                     
                     

                  
                  
                  
                  	
                     
                     
                     Correct
                        administration, such as correct invoicing or pre-clearing shipments
                        with customs

                     
                     

                  
                  
                  
                  	
                     
                     
                     Speed
                        of problem resolution and expediting.

                     
                     

                  
                  

               
               
               
               Some
                  general performance metrics are addressed next, followed by a look
                  at the GRI Sustainability Reporting Standards.

               
               
               
               
                  
                  Supplier Performance Metrics

                  
                  
                  
                  Performance scorecards
                     can take different forms, for example, check sheets, ranges of performance
                     on specific metrics, or weighted point systems.

                  
                  
                  
                  Supplier performance
                     metrics focus on both quantitative and qualitative data. Examples
                     are listed in Exhibit 4-109.

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 4-109: Sample Supplier Performance Metrics
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Quantitative
                                       Metrics

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Qualitative
                                       Metrics

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Certifications (e.g., ISO 9000 [quality systems])

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Product quality (e.g., number of defects, specifications
                                             met, time to response/recovery for nonconforming materials)

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          On-time delivery performance (e.g., perfect
                                             orders)

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Cost (perhaps reflecting total cost of ownership—unit
                                             cost, logistics, returns, waste created, and so on)

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Technological capabilities

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Data quality

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Willingness to share information and collaborate

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Perceptions of service experience gathered
                                             from employees interacting with supplier

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Responsiveness to requests for information
                                             or changes

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
                  
               
               
               
               
                  
                  GRI
                     Standards: Sustainability Performance Indicators for Supply Chains

                  
                  Supplier
                     evaluation can extend to their sustainability reporting. This may
                     be needed because a supplier’s performance can affect an organization’s
                     own sustainable goals:

                  
                  
                  
                  
                     
                     	
                        
                        
                        
                           
                              People.
                              
                           A
                              supplier’s treatment of its own workers and its impact on the
                              communities in which it operates may violate the organization’s
                              values and commitments to social objectives. If materials contain
                              hazardous content, they may harm the organization’s employees and
                              communities.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Planet.
                              
                           A
                              supplier’s energy and emissions can be added to the organization’s
                              own carbon footprint. Its material practices can contribute to waste
                              and pollution.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Profit.
                              
                           An
                              organization may be liable for damages caused by a supplier’s
                              behavior. More importantly, it may suffer financial loss from damage
                              to its reputation and public image.
                           

                        
                        

                     

                  
                  
                  To control supplier behavior in this area,
                     organizations may implement the following practices:

                  
                  
                  
                     
                     	
                        
                        Communicate the
                           organization’s sustainability standards to suppliers and secure their
                           agreement to abide with the organization’s policies or to implement
                           their own policies (which have been reviewed and approved by the
                           organization).

                        

                     
                     
                     	
                        
                        Contract with third-party auditors to inspect
                           suppliers’ compliance in terms of sustainability, their processes,
                           and their workplaces.

                        

                     
                     
                     	
                        
                        Incorporate sustainability metrics in supplier
                           reviews.

                        

                     

                  
                  
                  Organizations
                     can also commit to assessing and reporting their sustainability
                     in a formal manner. Exhibit 4-110 lists
                     performance indicators related to supplier-related performance from
                     the GRI Sustainability Reporting Standards.

                  
                  
                  
                     
                     
                     
                        
                        
                           
                           Exhibit 4-110: GRI Performance Indicators for the Supply Chain
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    Category

                                    
                                 
                                 
                                 	
                                    
                                    Information
                                       to be Reported

                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    General

                                    
                                 
                                 
                                 	
                                    
                                    
                                       
                                       	
                                          
                                          Suppliers and their locations

                                          

                                       
                                       
                                       	
                                          
                                          Measures taken to avoid conflict of interest

                                          

                                       

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Economic

                                    
                                 
                                 
                                 	
                                    
                                    
                                       
                                       	
                                          
                                          Percentage of procurement budget used on
                                             local suppliers at significant locations of operation

                                          

                                       

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Environmental

                                    
                                 
                                 
                                 	
                                    
                                    
                                       
                                       	
                                          
                                          Supply chain energy consumption

                                          

                                       
                                       
                                       	
                                          
                                          Suppliers’ greenhouse
                                             gas emissions

                                          

                                       
                                       
                                       	
                                          
                                          Percentage of new suppliers screened using
                                             environmental practices criteria

                                          

                                       

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Social

                                    
                                 
                                 
                                 	
                                    
                                    
                                       
                                       	
                                          
                                          Injuries, occupational diseases, absenteeism,
                                             and deaths

                                          

                                       
                                       
                                       	
                                          
                                          Percentage of new suppliers screened using
                                             labor practices criteria

                                          

                                       
                                       
                                       	
                                          
                                          Suppliers identified as violating freedom
                                             of association and collective bargaining rights

                                          

                                       
                                       
                                       	
                                          
                                          Suppliers at risk for using child/forced
                                             labor and measures taken to abolish child/forced labor

                                          

                                       
                                       
                                       	
                                          
                                          Percentage of new suppliers screened for
                                             using human rights criteria

                                          

                                       
                                       
                                       	
                                          
                                          Significant human rights impacts in the
                                             supply chain and actions taken

                                          

                                       
                                       
                                       	
                                          
                                          Percentage of new suppliers screened for
                                             using criteria for impacts on society

                                          

                                       

                                    
                                 

                              
                           

                        

                     

                  
               
               

            
            

         
         
         
         
            
            
            Supply Disruptions
               and Changes

            
            
            
            
               
               
               Supply
                  disruptions and changes may occur due to any number of circumstances,
                  from shorter-lived or region-specific phenomena like labor disputes
                  and tropical storms to long-lasting global events such as the COVID-19
                  pandemic, which has affected the supply chains of 94 percent of
                  Fortune 1000 companies, according to Accenture.

               
               
               
               Accenture states that organizations must
                  continually cycle through mobilizing, sensing, analyzing, configuration,
                  and operation steps as they respond to disruptions. These steps
                  are marked by the following actions:

               
               
               
               
                  
                  
                  	
                     
                     
                     Mobilizing includes enacting
                        the initial response plan and establishing rules for how to respond
                        to further disruptions and manage contingencies. This may involve setting
                        up a dedicated response team.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Sensing involves reprioritization
                        of risks and responses depending on the newly arising challenges.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Analyzing is a process of working
                        through what-if scenarios and protocols for sourcing, planning,
                        manufacturing, and distribution of products as well as any services
                        the organization offers or may offer in response to the disruption.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Configuration requires the
                        organization to change the existing supply chain network and product
                        flows to follow the protocols that were developed in the previous
                        step. Organizations should develop metrics to track the success
                        of the configuration process and the protocols that have been enacted.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Operation is the process of
                        executing the plans and protocols and tracking the results that
                        have been measured following the organization’s efforts.

                     
                     

                  
                  

               
               
               
               Depending on the size
                  and longevity of the disruption, organizations may have to cycle repeatedly
                  through these steps as the disruption progresses. What an organization chooses
                  to do initially may no longer be the best course of action as other
                  members of the supply chain respond and the effects of the disruption
                  change over time.

               
               
               
               Wharton University
                  writes that organizations that have prioritized low-cost suppliers may
                  find utility in supply sources that can be increased to deal with
                  demand fluctuations and supply issues due to disruptions such as
                  the COVID-19 pandemic. Focusing on resiliency is wise; organizations
                  may do this by increasing inventories of crucial parts and materials
                  or finding new suppliers.

               
               
               
               One example of this
                  may be using local suppliers or suppliers from multiple different global
                  regions even if some of them may result in increased costs. This
                  could help an organization continue to operate normally if suppliers
                  in specific countries or regions are forced to temporarily shut
                  down production or shipping operations.

               
               
               
               Wharton University
                  notes that organizations that wait to enact these changes until
                  the disruption occurs may struggle to find new suppliers or redesign
                  products or processes in time to make a positive impact. Organizations
                  that have proactively developed plans are better able to respond
                  to disruptions that would otherwise threaten organizational viability,
                  remaining in business when others do not.

               
               

            
            

         
         
   
      
         
         
         
         Section F: Changes and Product Life Cycle
            Management

         
         
         
         
            
            
            
               After completing
                  this section, students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Replan order
                     priorities to respond to supply and demand changes

                  
                  

               
               
               
               	
                  
                  
                  Understand how
                     supply and demand can have both timing and quantity variability

                  
                  

               
               
               
               	
                  
                  
                  Revise planning
                     parameters, including lead time, lot size, safety stock quantity, kanban
                     quantity, and cycle times

                  
                  

               
               
               
               	
                  
                  
                  Use what-if
                     analysis and simulation to evaluate viable alternatives before changing the
                     existing material plan

                  
                  

               
               
               
               	
                  
                  
                  Monitor buffer
                     status

                  
                  

               
               
               
               	
                  
                  
                  Describe product
                     life cycle management

                  
                  

               
               
               
               	
                  
                  
                  Develop a new
                     product introduction (NPI) schedule

                  
                  

               
               
               
               	
                  
                  
                  Outline potential
                     supply constraints that may impact the NPI schedule

                  
                  

               
               
               
               	
                  
                  
                  Describe how to
                     develop an end-of-life plan.

                  
                  

               
               

            
            
            
            This section addresses different types of supply and demand
               variability and how these can create a short-term need to replan order priorities
               as
               well as a longer-term need to revise planning parameters to fine-tune the system.
               Fine-tuning, when done with a system that is already well established, can reduce
               either the variability or the impact of the variability if these things are not too
               severe. Changes can also be made to reduce overall costs. Proactive planning or
               execution steps are also discussed, including what-if analysis, simulation, and
               monitoring buffer status.

            
            
            
            Product life cycle management extends the product life cycle to
               include research and development on the front end and end-of-life management on the
               back end. It also helps manage the life cycle of an individual batch or unit. This
               section addresses these processes from a big-picture perspective and then looks at
               the roles of operations and inventory management in the processes.

            
            

         
         
         
         
   
      
         
         
         
         Replanning
            and Revision

         
         
         
         
            
            
            Here we discuss
               the need for replanning order priorities due to supply or demand variability.
               We also show how, in the longer term, planning parameters can be
               revised to reduce the need for frequent replanning, to insulate
               against a certain degree of variability, or to reduce costs. What-if
               analysis, simulations, and monitoring buffer status are discussed
               after that as examples of proactive ways to maintain the material requirements
               planning system. The goal is to ensure that plans are feasible and
               make financial sense and that execution is smooth and avoids system
               nervousness.

            
            

         
         
         
         
         
            
            
            Replanning Order Priorities

            
            
            
            
               
               
               If the master schedule changes, the affected material
                  requirements planning (MRP) grids also need to be replanned. When these changes
                  impact the ability to meet customer order promises, replanning order priorities is
                  required.

               
               
               
               Each MRP grid represents the order priority for a given material.
                  If both demand and supply are stable in terms of timing and quantity, then MRP will
                  also be stable. However, as Exhibit 4-111 and Exhibit 4-112 show, both supply and demand are subject to changes in
                  quantity and in order timing (or both). The degree to which such variation exists
                  drives the need to replan order priorities to respond to these supply and demand
                  changes. Note that the material in this example has a safety stock of 0.

               
               
               
               
                  Exhibit 4-111: MRP Grid Before Replanning[image: A table titled “MRP Before Replanning.” Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               
                  Exhibit 4-112: MRP Variability Sources[image: A set of four tables depicting the impact of demand and supply variability on MRP. Each table represents different scenarios of variability: demand quantity shifts, demand timing shifts, supply quantity shifts, and supply timing shifts. Each table is structured with weeks on the x-axis and MRP elements (gross requirements, scheduled receipts, projected available, net requirements, planned order receipt, planned order release) on the y-axis.]
               
               
               
               
               Potential reasons for each of the four types of
                  variability are discussed next.

               
               
               
               
                  
                  Demand Quantity

                  
                  
                  
                  MRP demand quantities
                     can change when the master production schedule changes for one or more related
                     end units, which in turn may be based on customer order or forecast changes. If
                     multiple end units use the material, demand quantity changes will appear more
                     random. If just one or a few end products use the material, demand could
                     increase or decrease in a more predictable trend related to the demand trend for
                     the end products.

                  
                  
                  
                  Changes in
                     inventory levels could also impact MRP demand quantity variability.

                  
                  
                  
                  Another major source of MRP demand variability is when
                     quantities for higher-level MRP items in the product structure change. A change
                     in a level 1 item will change demand for linked items at level 2 and below, and
                     some of these changes, when compounded by lot sizing or safety stock parameters,
                     could result in more extreme changes at lower levels, much like the bullwhip
                     effect. This is how system nervousness becomes a serious problem.

                  
                  
               
               
               
               
                  
                  Demand Timing

                  
                  
                  
                  Demand timing
                     variability can occur if customer order promise dates change for an end item
                     linked to the MRP material. A change in a planned order for a higher-level MRP
                     item would also change MRP demand timing.

                  
                  
               
               
               
               
                  
                  Supply Quantity

                  
                  
                  
                  Supply quantity
                     variability occurs after an order is released, since, before that, supply is
                     just a plan that can change. After receiving orders, suppliers may provide a
                     change in a projected ship date or a partial shipment, or some portion of the
                     materials could be damaged in shipment or fail to meet quality requirements. The
                     shop floor could have variability in its scrap factor, creating variability in
                     yield. Another common cause is when lack of availability of a lower-level
                     material prevents manufacture of a higher-level material. Shop floor overruns
                     could result in oversupply.

                  
                  
               
               
               
               
                  
                  Supply Timing

                  
                  
                  
                  Supply timing
                     variability also occurs after an order is released. Suppliers or the shop floor
                     could deliver late or early. A partial delivery that is also late or early could
                     cause timing and quantity variability.

                  
                  
               
               
               
               
                  
                  Replanning Order Priorities

                  
                  
                  
                  In
                     the short term, issues created by supply or demand variability need to be
                     addressed by replanning order priorities. This will typically involve a manual
                     override of the production activity control job sequencing rules to move jobs
                     that lack the required resources down in priority in favor of jobs that do have
                     the required resources.

                  
                  
                  
                  In the
                     longer term, well-functioning MRP systems can be fine-tuned to mitigate risks
                     created by supply and demand variability or to make the system able to respond
                     faster to change. This fine-tuning is done by revising planning
                     parameters.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Revising Planning
               Parameters

            
            
            
            
               
               
               Planning
                  parameters can be revised to reflect changes in product life cycles,
                  current conditions, and organizational strategy. In material requirements
                  planning (MRP)-based systems, these planning parameters include
                  lead times, lot sizes, safety stock quantities, yield factors, and
                  cycle times between discrete units of production. In lean systems,
                  in addition to adjusting many of these things, kanban quantities
                  can also be revised.

               
               
               
               When considering revising
                  planning parameters, there is a critical prerequisite. Fine-tuning
                  can create as many problems as it fixes if the MRP system itself
                  has yet to be fully established and its users fully trained. The
                  MRP system needs to have all of the following in place before fine-tuning
                  is attempted:

               
               
               
               
                  
                  
                  	
                     
                     
                     The system is fully
                        functional and has all required linkages to other systems in the manufacturing
                        planning and control (MPC) hierarchy.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Management
                        processes exist to balance supply and demand at higher levels in
                        the MPC hierarchy, such as an effective sales and operations planning
                        process.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Shop
                        floor and purchasing systems automatically receive MRP outputs,
                        and related personnel are fully trained in interpreting priorities,
                        understand buffers in place, and have a formal scheduling process.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Data
                        integrity levels are high.

                     
                     

                  
                  
                  
                  	
                     
                     
                     MRP
                        users are fully trained in normal system operations and exception
                        handling.

                     
                     

                  
                  

               
               
               
               Assuming a suitably
                  mature MRP system and system users, revision of planning parameters
                  should begin with the end in mind. Goals of changing planning parameters could
                  be to reduce the risk of needing to replan frequently, to improve
                  system responsiveness and ability to be agile in the face of change,
                  and/or to optimize the system by minimizing system costs, including
                  ordering costs and inventory carrying costs. For example, if a product
                  is entering the decline life cycle stage, the goal may be to drive
                  costs out of the process to enable the product to remain profitable
                  for a longer period. This may entail changing lot sizing and minimizing
                  or eliminating safety stocks.

               
               
               
               Lead time changes (other
                  than safety lead times) require changes to sourcing and/or changing
                  manufacturing cycle times. Shorter lead times enable more agility.
                  Changing lot sizing is discussed more next as an example. Changes
                  to safety lead times, safety stock quantities, yield factors, and
                  kanban quantities are types of buffers, and these are discussed
                  elsewhere.

               
               
               
               
                  
                  Lot-Sizing Changes

                  
                  
                  
                  
                  A common reason to
                     revise lot sizes in MRP is to minimize the sum of inventory ordering
                     costs plus inventory carrying costs. If there are high ordering
                     costs, a lot-for-lot system will quickly become expensive in periods
                     with low, but not zero, demand. If simple lot-sizing rules are used,
                     such as a fixed order quantity, the ordering costs will be minimized
                     but inventory holding costs could become expensive.

                  
                  
                  
                  Lot-sizing optimizing processes also exist.
                     Here is a brief overview of these optimizing models, some of which
                     are discussed in Manufacturing Planning
                        and Control for Supply Chain Management:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Economic order quantity (EOQ). EOQ
                           is addressed elsewhere as a method of lot sizing for distribution
                           systems. It relies on an assumption of constant uniform demand,
                           which is unlikely in MRP systems. One input to the EOQ equation
                           is average demand, and using this as an input ignores situations
                           where demand may exist in several distinct tiers (e.g., a high average
                           and a low average). However, calculating different EOQs is a very
                           complex prospect. Also, during low demand, excess inventory holding
                           costs will add up, while during high demand, the EOQ amount will
                           often need to be exceeded.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Period
                              order quantity (POQ). POQ is simply the EOQ formula divided
                           by average (mean) demand. Rather than determining an economic order
                           quantity, this method determines the most economical time between
                           orders. The lot size can then be lot-for-lot, but rather than just
                           the current period’s requirements, it is the requirements for the
                           current period plus the future periods until the next order period
                           that are summed. If the POQ is 2.8 days, for example, then three
                           days of requirements are summed and ordered when requirements exist.
                           This method can reduce inventory carrying costs as well as ordering
                           costs but may miss some opportunities for further cost savings because,
                           like EOQ, it has no room in the formula for some of the information
                           contained in the MRP grid.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Least total cost. The ASCM Supply Chain Dictionary defines
                           this as follows.

                        
                        
                        
                        
                           
                           A dynamic lot-sizing technique that calculates
                              the order quantity by comparing the setup (or ordering) costs and
                              the carrying cost for various lot sizes and selects the lot size
                              where these costs are most nearly equal.

                           

                        
                        

                     
                     
                     
                     	
                        
                        
                         Part period balancing (PPB). The ASCM Supply Chain Dictionary defines PPB as follows.

                        
                        
                        
                        
                           
                           A
                              dynamic lot-sizing technique that uses the same logic as the least
                              total cost method, but adds a routine called look ahead/look back.
                              When the look ahead/look back feature is used, a lot quantity is
                              calculated, and before it is firmed up, the next or the previous
                              period’s demands are evaluated to determine whether it would be
                              economical to include them in the current lot.

                           

                        
                        

                     
                     
                     
                     	
                        
                        
                         Wagner-Whitin algorithm. The ASCM Supply Chain Dictionary defines this as
                           follows.

                        
                        
                        
                        
                           
                           A mathematically complex, dynamic lot-sizing
                              technique that evaluates all possible ways of ordering to cover
                              net requirements in each period of the planning horizon to arrive
                              at the theoretically optimum ordering strategy for the entire net
                              requirements schedule.

                           

                        
                        

                     
                     

                  
                  
                  
                  The cost savings of using an optimization model
                     can be significant when the logic is applied to all MRP items. However,
                     if the model is very complex, this could create change management
                     issues. Users will need to be able to make sense of the logic in order
                     to spot exceptions.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Revising Buffers

            
            
            
            
               
               
               Buffers may be required between process
                  steps, bill-of-material levels, or other areas of interface to absorb
                  the effects of variability from one process or level to the other. For
                  example, without buffers, if a product that is normally produced
                  in the hundreds of units has two units scrapped at material requirements
                  planning (MRP) level 2, then MRP would need to increase the schedule
                  by two units, which might affect MRP levels 3 through 6. In a different
                  week, if orders were 288 units rather than the forecast of 300 units,
                  the schedule would be reduced by 12 units. Frequent small changes
                  up and down through the levels in MRP is the primary cause of MRP
                  system nervousness. Buffers therefore act as shock absorbers to
                  absorb minor variability in supply and demand quantity and timing
                  so that replanning is not so frequently needed.

               
               
               
               Despite their necessity, buffers are inherently
                  problematic, because they are basically giving the MRP system false
                  inputs. An MRP system is effective because it determines the actual
                  timing and quantity requirements for a vast number of materials.
                  Rather than telling the MRP operators what the real need is in terms
                  of timing and amounts, the buffers create artificial required dates
                  or artificial quantity requirements. If operators cannot trust the
                  schedules, this might lead to an informal schedule of actual needs,
                  which could itself become a problem. Use of buffers requires all
                  operators to understand their purpose. If the system can operate
                  correctly with smaller and fewer buffers, this should be the goal.

               
               
               
               There are a number of types
                  of buffers that can be used. Safety lead time, safety stock, yield
                  factors, and kanban quantity changes are discussed next.

               
               
               
               
                  
                  Safety Lead Time

                  
                  
                  
                  The ASCM Supply Chain Dictionary defines safety lead time as follows.

                  
                  
                  
                  
                     
                     An
                        element of time added to normal lead time to protect against fluctuations
                        in lead time so that an order can be completed before its real need
                        date. When used, the material requirements planning system, in offsetting
                        for lead time, will plan both order release and order completion
                        for earlier dates than it would otherwise. Syn: protection time,
                        safety time.

                     

                  
                  
                  
                  Safety lead time involves
                     ordering a material or scheduling production a certain number of
                     periods earlier than is actually needed. MRP systems should be able
                     to accommodate changes to both the planned due date and the planned
                     release date so that the order is still due in the desired period.

                  
                  
                  
                  Safety lead time helps
                     mitigate timing uncertainty better than safety stock can. It is commonly
                     used for purchased items based on historical supplier delivery reliability. For
                     quantity uncertainty, safety lead time that becomes a regular part
                     of the system would result in higher average inventory than does
                     the use of safety stock. Also, these changes would later need to
                     be reversed if the adjustment is meant to be temporary, and this
                     step could be forgotten, so safety lead time should be reviewed
                     on a scheduled basis (as is also the case for safety stock).

                  
                  
               
               
               
               
                  
                  Safety Stock

                  
                  
                  
                  MRP
                     systems can easily accommodate safety stock, as it simply deducts
                     the safety stock from the projected available balance before calculating
                     net requirements. Revising safety stock levels is best done using
                     a data-driven approach. However, if a situation is rapidly changing,
                     such as a product moving from the introduction life cycle phase
                     to the growth phase, the historical data may not show the trend
                     and may need to be adjusted using data from other products that
                     have experienced the same trend or by trial and error.

                  
                  
               
               
               
               
                  
                  Yield Factors

                  
                  
                  
                  
                  Yield
                     factors affect supply quantity in terms of the net yield after considering
                     the scrap produced. Yield factors can be built in to lot sizes by
                     increasing the lot size by the given percentage amount so the process
                     output results in the desired lot size. Yield factors can create
                     confusion on the shop floor as to whether the amount specified on shop
                     papers and the scheduled receipt is the starting quantity or the
                     expected ending quantity. Clarifying that this is the starting quantity
                     tends to work better in actual practice, since operators know how
                     much material to input but would have to estimate how much would
                     be output. Specifying the starting quantity requires actual scrap
                     amounts to be entered into the system at the end of the operation
                     so that later operations will have accurate input amounts. A benefit
                     of this extra work up front is that operators can have good data
                     on the amount of scrap being created and can work to reduce it and
                     the related yield factors over time.

                  
                  
               
               
               
               
                  
                  Kanban Quantity Changes

                  
                  
                  
                  Lean and their kanbans are discussed more
                     elsewhere, so the discussion is kept brief here. A kanban is a card
                     or other signal that demand exists for a particular item. This triggers
                     production or authorizes withdrawal of an item. A kanban quantity
                     refers to the number of kanbans that a given work center maintains
                     for a given item. Any amount greater than zero units on hand operates
                     similarly to safety stock or a buffer for the upstream location.
                     In general, items that are regularly in demand will have a buffer
                     and items that are rarely in demand will have little or no buffer.
                     Just as fine-tuning of MRP parameters needs to be reserved for when
                     the system itself is stable, kanban quantity changes are a fine-tuning
                     step, not a step to fix a flawed lean system. Kanban systems are
                     not good at being responsive to a great deal of demand variability.
                     Manufacturing needs to sort out these issues prior to the kanban
                     stage.

                  
                  
               
               

            
            

         
         
         
         
            
            
            What-if Analysis
               and Simulation

            
            
            
            
               
               
               Planners can use
                  what-if analysis or simulation to evaluate the feasibility and cost-effectiveness
                  of alternatives before changing the existing material plan. These
                  tools can be features within the material requirements planning
                  (MRP) system or the enterprise resources planning system that get
                  data from these systems. Even a spreadsheet can be used to perform
                  these analyses, given an experienced data analyst and the right
                  data inputs.

               
               
               
               Both what-if analysis and simulation involve
                  starting with a model of the system. (This could be the actual system
                  but in test mode.) A model has inputs (the variables), a process
                  (the MRP calculations), and outputs (the simulated material requirements plan).

               
               
               
               A what-if analysis starts by defining a
                  question, such as “What if a key supplier needs a longer lead time
                  by one period?” or “What if we accommodate this customer order change
                  request that would occur within the demand time fence?” The analysis
                  would then change just the input or inputs related to that question.

               
               
               
               A simulation differs
                  from a what-if analysis in that multiple inputs are allowed to change
                  within predefined ranges to simulate real conditions. Such tests
                  might be run many times with randomly determined inputs (within
                  the preset ranges), and a probability distribution of results can
                  be created.

               
               
               
               A key difference between
                  these types of analyses and doing simpler calculations is that they
                  simulate the effects over time as the plans roll forward from period
                  to period. Manufacturing Planning
                     and Control for Supply Chain Management includes an analysis
                  of four different lot-sizing optimization methods: economic order
                  quantity (EOQ), period order quantity, part period balancing, and
                  the Wagner-Whitin algorithm. When the analysis was just a static
                  analysis for a 12-period planning horizon, EOQ had the highest costs
                  and each of the other methods had lower costs than the next, in
                  the order in which they were just listed. When they were put into
                  a simulation, in an experiment that omitted supply and demand variability,
                  these same results held up. When a second experiment was run but
                  this time with levels of supply and demand variability typical in
                  many industries, the differences between the methods was very small
                  (not statistically significant). The authors concluded from this that
                  fine-tuning of lot sizes to that degree would be helpful only if
                  the system already had good data integrity and high stability (e.g.,
                  processes in place to minimize uncertainty). Another take-away from
                  this is that what-if analysis and simulations can reveal things
                  that static calculations fail to capture.

               
               

            
            

         
         
         
         
            
            
            Monitoring
               Buffer Status

            
            
            
            
               
               
               In theory of constraints environments,
                  buffers are established to prevent variability from disrupting flows
                  and throughput. Buffers should be monitored by the planner. Often
                  buffers have calculated green, yellow, and red status codes (like
                  a traffic light). Green means that most of the buffer remains, yellow
                  means that much of the buffer has been consumed by variability,
                  and red means that most of the buffer has been consumed. For example,
                  a buffer such as finished goods safety stock may become depleted
                  by an unexpectedly large customer order. Regular monitoring of buffer status
                  in this or another way can help with prioritizing production orders
                  and can trigger replanning as required. The planner would need to
                  ensure that these buffers are refreshed in a way that does not de-prioritize
                  actual customer requirements. This might be done by building up
                  safety stocks and production buffers more slowly than the system
                  might recommend.

               
               
               
               Abnormality control
                  is a concept from lean that can apply to production monitoring in any
                  environment. The concept is that when things are going smoothly,
                  there is little need for correction, but the planners need to frequently
                  check the status of operations so they can spring into action to
                  correct course before the course gets too far astray. The faster
                  the throughput of the operations, the more frequent the checking
                  and response needs to be.

               
               
               
               It is also important for materials requirements
                  planning (MRP) planners to monitor the effectiveness of buffers
                  in general. Buffers are a means to an end, and, if those ends are
                  not being achieved, it is time to revise the buffers.

               
               
               
               Another way to be proactive
                  is to stay on top of communications with operators and on top of
                  training, especially for new staff. A properly trained planner can
                  detect problems with buffers (or other planning parameters) and
                  determine the best adjustment to make. Investing in training and
                  better communication are key ways to reduce MRP system nervousness.

               
               

            
            

         
         
   
      
         
         
         
         Product Life Cycle
            Management

         
         
         
         
            
            
            Here we introduce product life cycle management methodology. As
               part of this, we discuss development of new product introduction schedules as well
               as the elements commonly found in end-of-life plans. It is important to detect when
               a product is entering decline. Planned obsolescence is also addressed.

            
            

         
         
         
         
         
            
            
            Product Life Cycle Management

            
            
            
            
               
               
               Product life cycle
                  management (PLM) is a process of managing new product introductions, managing the
                  life cycles of products throughout their phases, and creating and executing
                  end-of-life plans. PLM can be managed using software of the same name or can be
                  performed using a mix of manual tools and existing systems.

               
               
               
               In addition to helping manage the product life
                  cycle for a type of product, PLM also has tools to help manage an individual life
                  cycle of a unit or a batch. PLM often includes tools to help planners with product,
                  component, and bill-of-material versioning, effectivity plans, and traceability. PLM
                  can help track products by production lot numbers or serial numbers all the way to
                  the customer for individual units or batches. This helps enable upgrades, recalls,
                  and reverse logistics for units or batches at any stage of production. PLM may
                  feature a sustainability component, especially if products at the end of their lives
                  must or should be reclaimed or recycled.

               
               
               
               PLM from a product and brand management perspective builds off of
                  the product life cycle stages of introduction, growth, maturity, and decline but
                  adds substeps, and some models also highlight three distinct phases:
                  beginning-of-life, middle-of-life, and end-of-life. Beginning-of-life includes a new
                  component of research and development plus the introduction stage. The
                  middle-of-life phase encompasses growth, maturity, and decline. The end-of-life
                  phase is new to the product life cycle (but implied by it). Exhibit 4-113 shows these phases and
                  lists potential substeps in PLM. (Specific substeps may vary.)

               
               
               
               
                  Exhibit 4-113: Product Life Cycle Management[image: A graph illustrating the product life cycle with revenue on the y-axis and time on the x-axis. The x-axis is divided into three stages: Beginning-of-life, Middle-of-life, and End-of-life. Within these stages, various phases are marked, including Innovation, Concept, Development, Prototyping, Engineering, Supply, Launch, Manufacturing, Distribution, Usage, Service, Phase-out planning, Phase-out, and Recycle. The graph shows two curves: a solid line representing Sales and a dashed line representing Profit. Both lines start below zero, with Sales and Profit increasing during the Introduction phase, peaking in the Growth and Maturity phases, and then declining in the Decline phase.]
               
               
               
               
               The substeps shown above contain many steps for
                  the beginning-of-life phase. The middle-of-life phase shows how the focus area
                  during growth starts by ensuring that manufacturing and distribution are capable and
                  have the capacity for the demand. As the product moves into maturity, this shifts
                  to
                  a focus on how the product is used. The focus then shifts to service as the product
                  enters decline. Decline also features phase-out or end-of-life planning. Actual
                  phase-out ends the decline phase. The organization may be involved in helping
                  recycle the products at the end of their lives, and this could also include
                  recovering rare or hazardous materials, remanufacturing, repurposing or selling
                  manufacturing equipment, reassessing suppliers, and so on.

               
               

            
            

         
         
         
         
            
            
            New Product Introduction Schedules

            
            
            
            
               
               
               Developing a new product introduction
                  (NPI) schedule involves mapping out and managing a product’s beginning-of-life
                  process, possibly using project management. NPI is a component of the development
                  chain, which parallels the supply chain and interacts with it at many points. In
                  addition to NPI, the development chain may include product engineering, make-or-buy
                  decisions, early supplier involvement, concurrent engineering, strategic sourcing,
                  supplier footprint, and contracting with capable suppliers. Here are some potential
                  phases in NPI or the development chain:

               
               
               
               
                  
                  
                  	
                     
                     
                     Innovation. During this phase, research
                        is conducted. This can include market research (e.g., collecting and
                        disseminating customer feedback), competitor scanning, experimentation, and
                        invention.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Concept. Research coalesces into a vision
                        of the product/service that is vetted for customer demand and financial
                        promise.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Development. Engineering, manufacturing,
                        and other functions may work together to add detail to the concept through a
                        number of iterations. Concurrent engineering, design for logistics, or
                        design for the environment may be applied to ensure that the product will be
                        cost-effective to source, make, and deliver.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Prototyping. A working model of the
                        product and related services is developed. A prototype’s purposes include
                        proving feasibility and eliciting feedback. A prototype schedule helps
                        manage iterations of the prototype that capture feedback from both the
                        demand side and the supply side. Demand-side inputs include focus groups and
                        market-based release deadlines; supply-side inputs include make-or-buy,
                        production feasibility and cost, product architecture (e.g., integrated
                        versus modular), scalability and economies-of-scale plans, and capacity
                        requirements versus current load.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Engineering. Engineers develop the
                        product structure and bills of material, including detailed drawings,
                        tolerances, level of modularity, and manufacturing requirements. A document
                        management system can be used to help manage configuration (versions) and
                        collaboration efforts.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Supply. Supply requirements are
                        developed, capable suppliers are identified, and the supply footprint is
                        mapped out. The supply footprint is the map of where suppliers need to be
                        located and what critical characteristics, such as available capacity or
                        specific capabilities, need to be represented in each area. It is important
                        at this point to review supply constraints that may impact the NPI schedule.
                        In addition to finding capable suppliers fast enough, another supply
                        constraint is lead time versus cost, which can be significant due to global
                        sourcing. This differs by product type:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Innovative
                              products typically require compressed time lines to shorten time to
                              market.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Functional
                              products tend to have low margins, making cost the primary
                              factor.

                           
                           

                        
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Manufacturing. While manufacturing was
                        listed elsewhere as a middle-of-life activity, clearly manufacturing
                        capability and capacity need to be developed earlier, at least to the degree
                        needed for the first planned phase of demand. The manufacturing environment,
                        process, and type and other choices are also determined. (These may also be
                        reassessed as the product goes through its life cycle and experiences
                        changes in customer expectations and/or production volume requirements.)
                        Future demand growth may later require more investments in capacity and
                        throughput.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Launch. Marketing and sales launch the
                        product and foster awareness of it.

                     
                     

                  
                  

               
               
               
               Note the mention above of innovative versus functional products.
                  Different sorts of products will require different NPI frequencies and different
                  supply chain strategies to make them work, as discussed more next.

               
               
               
               
                  
                  NPI
                     Frequency versus Demand Uncertainty

                  
                  New products occupy a spectrum from innovative
                     products at one end to functional products at the other end. Designing and Managing the Supply Chain cites
                     an article by Marshall Fisher, who coined the term technology clockspeed.
                     Clockspeed is the rate of technology change for the given industry, market, or
                     product. It strongly influences the duration of a product’s life cycle.
                     Innovative products have fast technology clockspeeds and life cycles, while
                     functional products have slow technology clockspeeds and life cycles. Fast
                     clockspeeds require compressed NPI schedules.

                  
                  
                  The product design strategy and the supply chain strategy
                     need to align with the type of product being developed. An important supply
                     chain factor to consider is demand uncertainty. Items with low demand
                     uncertainty can be pushed out to the market because there is steady demand.
                     Items with high demand uncertainty should move more toward a pull model so that
                     only what is demanded is produced. Exhibit 4-114 compares NPI frequency to demand uncertainty, resulting
                     in four quadrants of product types.

                  
                  
                  
                     Exhibit 4-114: NPI Frequency Versus Demand Uncertainty[image: A matrix diagram with demand uncertainty on the y-axis and NPI frequency on the x-axis. The matrix is divided into four quadrants: Unstable demand, low clockspeed; Unstable demand, high clockspeed; Stable demand, low clockspeed; and Stable demand, high clockspeed. Go to long description for more details.]
                  Go to long description.

                  
                  
                  
                  As shown in the graphic, the four
                     categories of products are as follows:

                  
                  
                  
                  
                     
                     	
                        
                        
                        
                           
                              Unstable demand, low clockspeed.
                              
                           The life
                              cycle for the products is long, and the products can have an
                              integral design (not modular). The products can be pushed to a
                              certain point, and then demand-pull can take over. This could occur
                              by centralizing inventory and drop-shipping, for example.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Unstable demand, high clockspeed.
                              
                           Due to
                              the high rate of change and short life cycles, manufacturing
                              highlights responsiveness over cost. Modular designs, short lead
                              times, maintaining excess capacity, and dynamic market pricing can
                              help ensure that supply can quickly respond to changing
                              demands.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Stable demand, low clockspeed.
                              
                           These are
                              staple items that have low margins and need to be produced
                              economically and create high turnover to ensure profitability. Since
                              these are make-to-stock items, they can have an integral
                              design.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Stable demand, high clockspeed.
                              
                           There are
                              few finished goods in this category, but many types of components
                              fit in this area if enough buyers exist to keep demand stable. Due
                              to the short product life cycles, modular designs enable variations
                              on products, and, as NPI occurs, portions of the product or
                              component that don’t need to change might be able to be used in the
                              new version. Push manufacturing and supply chain efficiency help
                              ensure profitability.
                           

                        
                        

                     

                  
               
               

            
            

         
         
         
         
            
            
            End-of-Life Plan Elements

            
            
            
            
               
               
               The ASCM Supply
                     Chain Dictionary defines end-of-life
                     management as follows:

               
               
               
               
                  
                  Planning for the
                     phase-out of one product and the phase-in of a new product to avoid both the
                     excessive inventory of and an out-of-stock situation with the old product before
                     the replacement product is available.

                  

               
               
               
               An end-of-life plan is needed for the point at which a
                  product is no longer profitable due to lack of demand caused by obsolescence, market
                  saturation, or supply/manufacturing issues such as rising costs (also affected by
                  the level of competition). These plans need senior management support, consensus,
                  and approval. A best practice is to standardize the process so that important
                  details such as communications will be timely and professional. An end-of-life plan
                  can include the following steps:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Determine an end-of-sales strategy and schedule.
                           
                        At the
                           appropriate time, communicate the strategy and schedule to suppliers,
                           supply chain customers, end customers, and other stakeholders. Often
                           end-of-sales is a closely guarded secret until the time of official
                           communication, because it can ruin sales of the old product. Customers
                           will wait for the new product, and this can result in unsold inventory.
                           The strategy may provide time to sell off remaining inventory (including
                           in the distribution network), sell it in bulk to a third party, reuse
                           components, recycle products, or responsibly dispose of them. Marketing
                           may reduce prices or provide upgrade incentives and support.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Determine an end-of-service strategy and schedule.
                           
                        This should
                           include plans for customer service, technical support, repairs, and/or
                           service parts and will need to be communicated well in advance. Service
                           could remain profitable for an extended period, or, as an investment in
                           customer loyalty, there could be a strategic decision to provide support
                           for the expected life of the final products sold. Service parts might be
                           outsourced or the designs sold to other organizations. Less-expensive
                           forms of service could be substituted.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Determine changes to manufacturing equipment or spaces that will no
                              longer be needed.
                           
                        This can
                           include selling the equipment, retooling it for new product introduction
                           (NPI), or reallocating space. The product manufacturing rights and
                           equipment could also be sold to a third party.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Incorporate end-of-life plans.
                           
                        This includes
                           plans for backward compatibility or the timing of the introduction of
                           new products into NPI.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Manage programs to accept products back at the end of their
                              lives.
                           
                        Such programs
                           could be based on regulatory requirements, be voluntary for
                           sustainability, or enable recovery of rare materials such as gold.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Perform risk and crisis management assessments.
                           
                        Contingency
                           plans can be made for issues such as product recalls, lawsuits, or
                           unhappy customers.
                        

                     
                     

                  
                  

               
               
               
               Planning and inventory management professionals can
                  provide valuable input or analysis for end-of-life plans. This includes reviewing
                  minimum order quantity requirements, other contractual requirements, lifetime sales
                  quantities and timing, and obsolescence timing.

               
               
               
               Products in decline can delay their end-of-life date by cutting
                  costs, often at the expense of customer service. However, other costs might increase
                  as suppliers also work to cut costs, since components may also be in decline.
                  Planning and inventory management professionals therefore need to review minimum
                  order quantity (MOQ) requirements from suppliers and for customers. Suppliers may
                  increase their MOQ in order to cut their manufacturing and supply chain costs, and
                  this will lower the organization’s ordering cost but increase inventory carrying
                  costs. Suppliers could instead lower the MOQ to promote sales if customers are no
                  longer willing to buy in bulk. The organization can also alter its MOQs for
                  customers for the same reasons. The net changes in costs will need to be analyzed
                  for their impact on profitability.

               
               
               
               Contractual promises may have been made to
                  suppliers to buy components or materials from suppliers or to provide products
                  and/or support to customers for a particular period, such as for a warranty period.
                  It is important to review exit clauses to determine if there are ways to end a
                  product per a desired time frame.

               
               
               
               Reviewing lifetime sales quantities and timing
                  involves estimating how many more units customers will purchase or can be convinced
                  to purchase as a product is in decline/nearing obsolescence. The purpose is to help
                  determine the timing of how many more units of the old product to produce and the
                  timing of when to stop production. If the product has a direct replacement, the
                  replacement needs to be available at that time. (This could be a new product or an
                  existing one that could be a substitute and may be subject to increased demand.)
                  Lifetime sales quantities are also used to estimate the quantities of components
                  such as spare parts that will be needed to repair the existing products in use
                  during their remaining useful life.

               
               
               
               Often, customers need to calculate a “lifetime
                  buy quantity” for equipment they own. This is the quantity of spare parts that the
                  customer will need to purchase now in order to maintain a product to the end of its
                  life cycle. It is used when spare parts for the product are being discontinued.

               
               
               
               The timing of end-of-sales will not necessarily be obvious.
                  Managers and salespersons will be invested in the status quo. Reviewing lifetime
                  sales history can help provide information on where a product is in its life cycle.
                  Historical sales trend data and the sales pipeline information from the sales
                  organization can be used to help reach consensus regarding a product’s end-of-sales
                  point. The information can also be used for product life cycle analysis for future
                  products that are similar.

               
               
               
               Obsolescence can be planned or market-based.
                  Planned obsolescence is part of an NPI strategy to release a replacement product and
                  market it as an essential upgrade. Market-based obsolescence is based on a steady
                  or
                  sudden drop in demand, often due to competitor actions. Reviewing obsolescence
                  timing involves forecasting when a product should or must reach its end-of-sales
                  point. It is also important to ensure that material requirements planning components
                  are planned accordingly as part of the end-of-sales plan, including

               
               
               
               
                  
                  
                  	
                     
                     
                     Managing and
                        updating effectivity dates

                     
                     

                  
                  
                  
                  	
                     
                     
                     Removing safety
                        stocks and buffers

                     
                     

                  
                  
                  
                  	
                     
                     
                     Reducing lot
                        sizes

                     
                     

                  
                  
                  
                  	
                     
                     
                     Forecasting amounts
                        of excess or obsolete inventory and making plans for their
                        disposition.

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         Long Description Appendix

         
         
            
            This appendix provides more detailed descriptions for some of the images found in
               the text. Return to the image location in the text by clicking the link at the end
               of each description.

            
            
            
               
               Exhibit 4-1: Manufacturing Planning and Control
[image: This diagram represents the integration of demand-side activities, strategic and business planning, priority planning, supply-side activities, and production activity control in a manufacturing environment. Go to long description for more details.]
                  
                  
                  The flowchart includes:

                  
                  
                  
                  
                     
                     	
                        
                        Demand-Side Activities: Forecasting, Demand Management, and
                           Distribution Requirements Planning (DRP)

                        

                     
                     
                     	
                        
                        Strategic and Business Planning

                        

                     
                     
                     	
                        
                        Priority Planning: Sales and Operations Planning (S&OP) -
                           Production Plan; Master Scheduling (MS) - Master Production Schedule
                           (MPS); Material Requirements Planning (MRP) - Materials Requirements
                           Plan

                        

                     
                     
                     	
                        
                        Supply-Side Activities: Capacity Planning includes Resource
                           Planning (RP), Rough-Cut Capacity Planning (RCCP), and Capacity
                           Requirements Planning (CRP)

                        

                     
                     
                     	
                        
                        Purchasing

                        

                     
                     
                     	
                        
                        Production Activity Control (PAC): Scheduling, Implementation,
                           and Capacity Control

                        

                     

                  
                  
                  
                  The flow of information between these sections is depicted by arrows, showing
                     how data moves from one planning stage to another, ensuring synchronization
                     across the entire manufacturing process. The chart captures the complexity
                     and interconnectedness of manufacturing planning activities, emphasizing the
                     need for coordinated efforts across various functions to meet production
                     goals effectively.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-3: Master Scheduling Process Relationships
[image: A diagram illustrating the flow of processes in master scheduling. Go to long description for more details.]
                  
                  
                  The central box labeled "Master scheduling" is connected
                     to various processes:

                  
                  
                  
                  
                     
                     	
                        
                        Forecasts: Arrow to "Demand management."

                        

                     
                     
                     	
                        
                        Sales and operations planning: Arrow to "Production plan."

                        

                     
                     
                     	
                        
                        Production plan: Arrow to "Master scheduling."

                        

                     
                     
                     	
                        
                        Rough-cut capacity planning (RCCP): Bidirectional arrow to
                           "Master scheduling."

                        

                     
                     
                     	
                        
                        Demand management: Arrow to "Master scheduling" and bidirectional
                           arrow to “Distribution requirements planning.”

                        

                     
                     
                     	
                        
                        Distribution requirements planning: Bidirectional arrows to
                           "Demand management," "Logistics planning," and “Master scheduling.”

                        

                     
                     
                     	
                        
                        Logistics planning: Bidirectional arrows to "Distribution
                           requirements planning" and “Master scheduling.”

                        

                     
                     
                     	
                        
                        MPS (build or buy): Bidirectional arrow to "Master scheduling."
                           Arrow to “Material requirements planning”

                        

                     
                     
                     	
                        
                        Material requirements planning: Receiving inputs from "Master
                           scheduling" and "MPS (build or buy)."

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-5: Inputs and Outputs of Master Scheduling
[image: A diagram illustrating the flow of processes in master scheduling. Go to long description for more details.]
                  
                  
                  
                     
                     	
                        
                        
                        Forecasting: Feeding into "Demand Management."

                        
                        

                     
                     
                     	
                        
                        
                        Demand Management: Receiving inputs from "Forecasting" and
                           "Distribution Requirements Planning (DRP)". Providing details
                           (units) to "Master Scheduling (MS): Master Production Schedule
                           (MPS)."

                        
                        

                     
                     
                     	
                        
                        
                        Distribution Requirements Planning (DRP): Providing orders
                           from (DCs) to "Master Scheduling (MS): Master Production
                           Schedule (MPS)" and feeding into "Demand Management."

                        
                        

                     
                     
                     	
                        
                        
                        Rough-Cut Capacity Planning (RCCP): Both feeding into and
                           receiving from "Master Scheduling (MS): Master Production
                           Schedule (MPS)."

                        
                        

                     
                     
                     	
                        
                        
                        Priority Planning:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Sales and Operations Planning (S&OP): Production
                                    Plan: Feeding into "Master Scheduling (MS):
                                 Master Production Schedule (MPS)."

                              
                              

                           
                           
                           	
                              
                              
                              Master Scheduling (MS): Master Production Schedule
                                    (MPS): Receiving inputs from "Sales and
                                 Operations Planning (S&OP): Production Plan" and
                                 providing inputs to "Material Requirements Planning
                                 (MRP): Materials Requirements Plan."

                              
                              

                           
                           
                           	
                              
                              
                              Material Requirements Planning (MRP): Materials
                                    Requirements Plan: Receiving inputs from "Master
                                 Scheduling (MS): Master Production Schedule (MPS)."

                              
                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-6: MPS Inputs, Process, and Outputs
[image: This image is a flowchart titled "Master Scheduling Inputs, Master Scheduling, and Master Scheduling Outputs." Go to long description for more details.]
                  
                  
                  At the top of the flowchart, arrows indicate a flow
                     from Master Scheduling Inputs to Master scheduling to Master Scheduling
                     Outputs:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Master Scheduling Inputs: includes Forecast demand (mix
                           forecasts), Production plan, Customer orders, Inventory levels,
                           Supply lot size, Production lead time, and Capacity

                        
                        

                     
                     
                     	
                        
                        
                        Master Scheduling:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Disaggregate production plan into preliminary item master
                                 schedules.

                              
                              

                           
                           
                           	
                              
                              
                              Aggregate master schedules for related end items.

                              
                              

                           
                           
                           	
                              
                              
                              Perform RCCP.

                              
                              

                           
                           
                           	
                              
                              
                              Resolve differences and publish the MPS.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Master Scheduling Outputs:
                           

                        
                        
                        
                        
                           
                           	
                              
                              
                              Production schedule that contains:

                              
                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Projected available balance

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Amounts to be produced

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Quantity available-to-promise

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Staffing levels

                                    
                                    

                                 

                              
                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-9: Market Customer Expectations
[image: A table showing impact on master scheduling vs. market/customer expectations. It compares different types of production strategies (MTS, ATO, MTO/ETO) against various market/customer expectations. Go to long description for more details.]
                  
                  
                  For “Market/Customer Expectations,” under
                     "Product", there are columns for "Design," "Variety," and "Volume
                     per period," and under "Delivery," there are columns for
                     "Speed/product availability," and "Reliability." For “Impact on
                     master scheduling,” the rows are “MTS,” “ATO,” and “MTO/ETO.”

                  
                  
                  
                  MTS:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Design: Standard

                        
                        

                     
                     
                     	
                        
                        
                        Variety: Predetermined, narrow

                        
                        

                     
                     
                     	
                        
                        
                        Volume per period: High

                        
                        

                     
                     
                     	
                        
                        
                        Speed/product availability: In stock, fast

                        
                        

                     
                     
                     	
                        
                        
                        Reliability: Predictable

                        
                        

                     

                  
                  
                  
                  ATO:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Design: Falls between Standard and Custom

                        
                        

                     
                     
                     	
                        
                        
                        Variety: Falls between Predetermined, narrow and Broad

                        
                        

                     
                     
                     	
                        
                        
                        Volume per period: Falls between High and Low

                        
                        

                     
                     
                     	
                        
                        
                        Speed/product availability: Final assembly lead time

                        
                        

                     
                     
                     	
                        
                        
                        Reliability: Falls between Predictable and As promised

                        
                        

                     

                  
                  
                  
                  MTO/ETO:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Design: Custom

                        
                        

                     
                     
                     	
                        
                        
                        Variety: Broad

                        
                        

                     
                     
                     	
                        
                        
                        Volume per period: Low

                        
                        

                     
                     
                     	
                        
                        
                        Speed/product availability: Slow/variable

                        
                        

                     
                     
                     	
                        
                        
                        Reliability: As promised

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-12: Common Parts Bill of Material
[image: A table displays the common parts bill of materials for a 36" model A gas range, with variations for different gas pilot kits (CP-202 deluxe, CP-201 regular, CP-203 heavy-duty, and CP-200 maximum quantity). It lists the quantity needed for each item (back panel, left panel, right panel, etc.) across the different configurations. Read long description below.]
                  
                  
                  The table represents the bill of materials for a 36" model A gas
                     range, detailing the common parts and different gas pilot kit
                     options. The table is divided into three main sections: Common
                     parts, Gas pilot kits, and Max kit option.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Common Parts Section:

                        
                        
                        
                        
                           
                           	
                              
                              Lists items with their respective bill numbers and
                                 descriptions.

                              

                           
                           
                           	
                              
                              Items include: 201 back panel, 202 left panel, 203 right
                                 panel, 204 front panel, 205 oven door, 206 top panel,
                                 207 oven liner, 211 oven shelves, 221 3" burner
                                 assembly, 222 4" burner assembly, and 242
                                 thermostat.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Gas Pilot Kits Section:

                        
                        
                        
                        
                           
                           	
                              
                              Displays the configurations for gas pilot kits: CP-202
                                 deluxe, CP-201 regular, and CP-203 heavy-duty..

                              

                           
                           
                           	
                              
                              Each column under the gas pilot kits shows the quantity
                                 of each item required:

                              
                              
                              
                                 
                                 	
                                    
                                    CP-202 deluxe: 1 each of panels and oven door, 1
                                       oven liner, 1 oven shelf, 4 burner assemblies, 0
                                       for 4" burner, 0 thermostat.

                                    

                                 
                                 
                                 	
                                    
                                    CP-201 regular: Similar quantities but 2 oven
                                       shelves, 3 burner assemblies, 1 for 4" burner, 1
                                       thermostat.

                                    

                                 
                                 
                                 	
                                    
                                    CP-203 heavy-duty: Similar quantities but 3 oven
                                       shelves, 2 burner assemblies, 2 for 4" burner, 2
                                       thermostats.

                                    

                                 

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Max Kit Option:

                        
                        
                        
                        
                           
                           	
                              
                              Displays the configurations for max kit option: CP-200
                                 maximum quantity.

                              

                           
                           
                           	
                              
                              Each column under the max kit option shows the quantity
                                 of each item required:

                              
                              
                              
                                 
                                 	
                                    
                                    CP-200 maximum quantity: 1 each of panels and
                                       oven door, 1 oven liner, 3 oven shelves, 4 burner
                                       assemblies, 2 for 4" burner, 2 thermostats.

                                    

                                 

                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-14: Super Bill of Material
[image: A diagram titled "Abbreviated bill" shows the hierarchical structure of an automobile’s bill of materials, divided into six modules with associated options and percentages. Go to long description for more details.]
                  
                  
                  The diagram illustrates the structure of an
                     abbreviated bill of materials for an automobile. At the top of the
                     diagram, there is a block labeled "Automobile." Below this, the bill
                     is divided into six main modules: "Common parts," "Chassis,"
                     "Steering column," "Engine," "Drive train," and "Transmission." Each
                     module contains specific options with their respective percentages,
                     indicating the distribution of parts within the module.

                  
                  
                  
                  
                  
                     
                     	
                        
                        Common parts: One option, CP 1, which accounts for
                           100%.

                        

                     
                     
                     	
                        
                        Chassis:

                        
                        
                        
                           
                           	
                              
                              CH 1: 60%

                              

                           
                           
                           	
                              
                              CH 2: 10%

                              

                           
                           
                           	
                              
                              CH 3: 30%

                              

                           

                        

                     
                     
                     	
                        
                        Steering column:

                        
                        
                        
                           
                           	
                              
                              SC 1: 20%

                              

                           
                           
                           	
                              
                              SC 2: 20%

                              

                           
                           
                           	
                              
                              SC 3: 15%

                              

                           
                           
                           	
                              
                              SC 4: 10%

                              

                           
                           
                           	
                              
                              SC 5: 10%

                              

                           
                           
                           	
                              
                              SC 6: 10%

                              

                           
                           
                           	
                              
                              SC 7: 15%

                              

                           

                        

                     
                     
                     	
                        
                        Engine:

                        
                        
                        
                           
                           	
                              
                              EN 1: 20%

                              

                           
                           
                           	
                              
                              EN 2: 40%

                              

                           
                           
                           	
                              
                              EN 3: 20%

                              

                           
                           
                           	
                              
                              EN 4: 10%

                              

                           
                           
                           	
                              
                              EN 5: 10%

                              

                           

                        

                     
                     
                     	
                        
                        Drive train:

                        
                        
                        
                           
                           	
                              
                              DT 1: 50%

                              

                           
                           
                           	
                              
                              DT 2: 25%

                              

                           
                           
                           	
                              
                              DT 3: 25%

                              

                           

                        

                     
                     
                     	
                        
                        Transmission:

                        
                        
                        
                           
                           	
                              
                              TR 1: 10%

                              

                           
                           
                           	
                              
                              TR 2: 15%

                              

                           
                           
                           	
                              
                              TR 3: 40%

                              

                           
                           
                           	
                              
                              TR 4: 35%

                              

                           

                        

                     

                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-16: Partially Completed Master Schedule
[image: A table labeled “Partially Completed Master Schedule.” Go to long description for more details.]
                  
                  
                  The table has the heading "Master Schedule: Make-to-stock Chase Production Example."
                     It outlines a production schedule with the following parameters: beginning inventory
                     of 70 units and a lot size of 100 units. The data is organized by week, from week
                     0 to
                     week 6.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Forecast: The forecasted demand for each week is listed as follows:

                        
                        
                        
                        
                           
                           	
                              
                              Week 1: 50 units

                              

                           
                           
                           	
                              
                              Week 2: 60 units

                              

                           
                           
                           	
                              
                              Week 3: 70 units

                              

                           
                           
                           	
                              
                              Week 4: 90 units

                              

                           
                           
                           	
                              
                              Week 5: 70 units

                              

                           
                           
                           	
                              
                              Week 6: 20 units

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Projected Available Balance: This row shows the projected available
                           balance of inventory for each week:

                        
                        
                        
                        
                           
                           	
                              
                              Week 0: 70 units

                              

                           
                           
                           	
                              
                              Week 1: 20 units

                              

                           
                           
                           	
                              
                              Week 2: -40 units

                              

                           
                           
                           	
                              
                              Week 3: Not provided

                              

                           
                           
                           	
                              
                              Week 4: Not provided

                              

                           
                           
                           	
                              
                              Week 5: Not provided

                              

                           
                           
                           	
                              
                              Week 6: Not provided

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Master Production Schedule: This row is intended to show the planned
                           production schedule, but it is not filled in for any week.

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-17: Completed Master Schedule
[image: A table labeled “Completed Master Schedule.” Go to long description for more details.]
                  
                  
                  The table has the heading "Master Schedule: Make-to-stock Chase Production Example."
                     It outlines a production schedule with the following parameters: beginning inventory
                     of 70 units and a lot size of 100 units. The data is organized by week, from week
                     0 to
                     week 6.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Forecast: The forecasted demand for each week is listed as follows:

                        
                        
                        
                        
                           
                           	
                              
                              Week 1: 50 units

                              

                           
                           
                           	
                              
                              Week 2: 60 units

                              

                           
                           
                           	
                              
                              Week 3: 70 units

                              

                           
                           
                           	
                              
                              Week 4: 90 units

                              

                           
                           
                           	
                              
                              Week 5: 70 units

                              

                           
                           
                           	
                              
                              Week 6: 20 units

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Projected Available Balance: This row shows the projected available
                           balance of inventory for each week:

                        
                        
                        
                        
                           
                           	
                              
                              Week 0: 70 units

                              

                           
                           
                           	
                              
                              Week 1: 20 units

                              

                           
                           
                           	
                              
                              Week 2: 60 units

                              

                           
                           
                           	
                              
                              Week 3: 90 units

                              

                           
                           
                           	
                              
                              Week 4: 0 units

                              

                           
                           
                           	
                              
                              Week 5: 30 units

                              

                           
                           
                           	
                              
                              Week 6: 10 units

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Master Production Schedule: This row shows the planned production schedule
                           for each week:

                        
                        
                        
                        
                           
                           	
                              
                              Week 1: Not provided

                              

                           
                           
                           	
                              
                              Week 2: 100 units

                              

                           
                           
                           	
                              
                              Week 3: 100 units

                              

                           
                           
                           	
                              
                              Week 4: Not provided

                              

                           
                           
                           	
                              
                              Week 5: 100 units

                              

                           
                           
                           	
                              
                              Week 6: Not provided

                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-18: Product Family A Make-to-Stock Level Production Plan
[image: A table labeled “Product Family A Make-to-Stock Level Production Plan.” Go to long description for more details.]
                  
                  
                  The table has the header "Family A: Vandalproof Commercial Doors, In-Stock
                     All-Glass." It presents data on the sales plan, leveled production, ending
                     inventory, and average inventory for each month of the year.

                  
                  
                  
                  
                     
                     	
                        
                        Columns: Each column represents a month, from 0 (initial) to 12,
                           with a final "SUM" column.

                        

                     
                     
                     	
                        
                        Rows:

                        
                        
                        
                           
                           	
                              
                              Sales Plan: Planned sales for each month:

                              
                              
                              
                                 
                                 	
                                    
                                    Month 0: 460 units; Month 1: 450 units; Month 2: 410
                                       units; Month 3: 350 units; Month 4: 320 units; Month 5:
                                       280 units; Month 6: 250 units; Month 7: 190 units; Month
                                       8: 150 units; Month 9: 180 units; Month 10: 270 units;
                                       Month 11: 410 units

                                    

                                 
                                 
                                 	
                                    
                                    SUM: 3,720 units

                                    

                                 

                              

                           
                           
                           	
                              
                              Production (Leveled): Leveled production amount for each
                                 month:

                              
                              
                              
                                 
                                 	
                                    
                                    Each month (1-12): 300 units

                                    

                                 
                                 
                                 	
                                    
                                    SUM: 3,600 units

                                    

                                 

                              

                           
                           
                           	
                              
                              Ending Inventory: Projected ending inventory for each
                                 month:

                              
                              
                              
                                 
                                 	
                                    
                                    Month 0: 520 units; Month 1: 360 units; Month 2: 210
                                       units; Month 3: 100 units; Month 4: 50 units; Month 5:
                                       30 units; Month 6: 50 units; Month 7: 100 units; Month
                                       8: 210 units; Month 9: 360 units; Month 10: 480 units;
                                       Month 11: 510 units; Month 12: 400 units

                                    

                                 

                              

                           
                           
                           	
                              
                              Average Inventory: Average inventory for each month:

                              
                              
                              
                                 
                                 	
                                    
                                    Month 1: 440 units; Month 2: 285 units; Month 3: 155
                                       units; Month 4: 75 units; Month 5: 40 units; Month 6: 40
                                       units; Month 7: 75 units; Month 8: 155 units; Month 9:
                                       285 units; Month 10: 420 units; Month 11: 495 units;
                                       Month 12: 455 units

                                    

                                 

                              

                           

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-19: Product Family A 13-Week Forecast by End Item
[image: A table labeled “Product Family A 13-Week Forecast by End Item.” Go to long description for more details.]
                  
                  
                  The table has the header "Family A: Vandalproof Commercial Doors, In-Stock
                     All-Glass, January 1 to March 31" and shows the weekly forecast by product
                     type.

                  
                  
                  
                  
                     
                     	
                        
                        Columns: Each column represents a week, from 1 to 13, with a
                           final "SUM" column for totals.

                        

                     
                     
                     	Rows:
                           
                           	In-Stock Single (ISS): Weekly forecast for single
                              doors:
                              
                              
                                 
                                 	
                                    
                                    Week 1: 50 units; Week 2: 70 units; Week 3: 70 units;
                                       Week 4: 60 units; Week 5: 70 units; Week 6: 60 units;
                                       Week 7: 60 units; Week 8: 70 units; Week 9: 40 units;
                                       Week 10: 70 units; Week 11: 50 units; Week 12: 40 units;
                                       Week 13: 30 units

                                    

                                 
                                 
                                 	
                                    
                                    SUM: 740 units

                                    

                                 

                              

                           
                           
                           	In-Stock Double (ISD): Weekly forecast for double
                              doors:
                              
                              
                                 
                                 	
                                    
                                    Week 1: 50 units; Week 2: 40 units; Week 3: 60 units;
                                       Week 4: 40 units; Week 5: 50 units; Week 6: 60 units;
                                       Week 7: 50 units; Week 8: 40 units; Week 9: 50 units;
                                       Week 10: 30 units; Week 11: 30 units; Week 12: 40 units;
                                       Week 13: 40 units

                                    

                                 
                                 
                                 	
                                    
                                    SUM: 580 units

                                    

                                 

                              

                           
                           
                           	SUM: Combined weekly forecast for both product types:
                              
                              
                                 
                                 	
                                    
                                    Week 1: 100 units; Week 2: 110 units; Week 3: 130 units;
                                       Week 4: 100 units; Week 5: 120 units; Week 6: 120 units;
                                       Week 7: 110 units; Week 8: 110 units; Week 9: 90 units;
                                       Week 10: 100 units; Week 11: 80 units; Week 12: 80
                                       units; Week 13: 70 units

                                    

                                 
                                 
                                 	
                                    
                                    SUM: 1,320 units

                                    

                                 

                              

                           
                           
                           	Monthly SUMs (not exact):
                                 
                                 	
                                    
                                    End of Week 4: 440 units

                                    

                                 
                                 
                                 	
                                    
                                    End of Week 8: 460 units

                                    

                                 
                                 
                                 	
                                    
                                    End of Week 13: 420 units

                                    

                                 
                                 
                                 	
                                    
                                    SUM: 1,320 units

                                    

                                 

                              

                           

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-20: Master Schedules for Two Items in Family A
[image: A table titled "Master Schedules for Two Items in Family A." The table details the planned production, forecast, and available inventory for both single and double in-stock commercial doors over a 13-week period. The totals for each category are also provided at the end of the table. Go to long description for more details.]
                  
                  
                  The table has the header "Family A: Vandalproof Commercial Doors, In-Stock
                     All-Glass" and displays the production scheduling data for a period from
                     January 1 to March 31, with a batch size of 100 units.

                  
                  
                  
                  
                     
                     	
                        
                        Columns: Represent weeks from 0 to 13, with a final "SUM"
                           column.

                        

                     
                     
                     	Rows:
                           
                           	
                              
                              Days in Week: Shows the number of days in each week.

                              

                           
                           
                           	
                              
                              Weekly Leveled Production: Lists the leveled production
                                 per week.

                              

                           
                           
                           	
                              
                              In-Stock Single (ISS) Forecast: Forecasted units per
                                 week.

                              

                           
                           
                           	
                              
                              ISS Projected Available: Projected available inventory of
                                 ISS per week.

                              

                           
                           
                           	
                              
                              ISS MPS: Master Production Schedule for ISS.

                              

                           
                           
                           	
                              
                              In-Stock Double (ISD) Forecast: Forecasted units per
                                 week.

                              

                           
                           
                           	
                              
                              ISD Projected Available: Projected available inventory of
                                 ISD per week.

                              

                           
                           
                           	
                              
                              ISD MPS: Master Production Schedule for ISD.

                              

                           
                           
                           	
                              
                              Forecast SUM: Combined weekly forecast for both product
                                 types.

                              

                           
                           
                           	
                              
                              Projected Available SUM: Combined weekly projected
                                 available inventory for both product types.

                              

                           
                           
                           	
                              
                              Production SUM: Combined weekly production for both
                                 product types.

                              

                           

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-21: Aggregated MPS Lines for Related End Items
[image: A table labeled “Aggregated MPS Lines for Related End Items.” Go to long description for more details.]
                  
                  
                  The table with the header "Master Schedules for
                     Families A, B, and C: Vandalproof Doors" details the weekly master
                     production schedules (MPS) for different door types over a 13-week
                     period from January 1 to March 31. For Family A (In Stock), the
                     In-Stock Single (ISS) doors have a total MPS of 489 units, while the
                     In-Stock Double (ISD) doors have 400 units. Family B (Custom)
                     includes B Single doors with a total MPS of 320 units and B Double
                     doors with 250 units. Family C (Custom) includes C Single doors with
                     a total MPS of 300 units and C Double doors with 340 units. Each
                     week’s total MPS (MPS SUM) ranges from 127 to 172 units, with a
                     grand total of 2,099 units over the 13 weeks.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-22: Manufacturing Planning and Control
[image: This diagram represents the integration of demand-side activities, strategic and business planning, priority planning, supply-side activities, and production activity control in a manufacturing environment. Go to long description for more details.]
                  
                  
                  The flowchart includes:

                  
                  
                  
                  
                     
                     	
                        
                        Demand-Side Activities: Forecasting, Demand Management, and
                           Distribution Requirements Planning (DRP)

                        

                     
                     
                     	
                        
                        Strategic and Business Planning

                        

                     
                     
                     	
                        
                        Priority Planning: Sales and Operations Planning (S&OP) -
                           Production Plan; Master Scheduling (MS) - Master Production Schedule
                           (MPS); Material Requirements Planning (MRP) - Materials Requirements
                           Plan

                        

                     
                     
                     	
                        
                        Supply-Side Activities: Capacity Planning includes Resource
                           Planning (RP), Rough-Cut Capacity Planning (RCCP), and Capacity
                           Requirements Planning (CRP)

                        

                     
                     
                     	
                        
                        Purchasing

                        

                     
                     
                     	
                        
                        Production Activity Control (PAC): Scheduling, Implementation,
                           and Capacity Control

                        

                     

                  
                  
                  
                  The flow of information between these sections is depicted by arrows, showing
                     how data moves from one planning stage to another, ensuring synchronization
                     across the entire manufacturing process. The chart captures the complexity
                     and interconnectedness of manufacturing planning activities, emphasizing the
                     need for coordinated efforts across various functions to meet production
                     goals effectively.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-24: Bill of Resources Exploded to Item Level
[image: A table titled “Bill of Resources Exploded to Item Level.” Go to long description for more details.]
                  
                  
                  The table has the header "Families A, B and C:
                     Vandalproof Glass Commercial Doors" and details the consumption of
                     polycarbonate (recycled in tons), labor (standard hours), and Work
                     Center 23 (standard hours) for various product categories.

                  
                  
                  
                  Columns:

                  
                  
                  
                  
                     
                     	
                        
                        Product

                        

                     
                     
                     	
                        
                        Polycarbonate, Recycled (tons)

                        

                     
                     
                     	
                        
                        Labor (standard hours)

                        

                     
                     
                     	
                        
                        Work Center 23 (standard hours)

                        

                     

                  
                  
                  
                  Rows:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Family A: In-Stock All-Glass

                        
                        
                        
                        
                           
                           	
                              
                              In-Stock Single (ISS): 0.0024 tons, 2.2 labor hours, 0.4
                                 Work Center hours

                              

                           
                           
                           	
                              
                              In-Stock Double (ISD): 0.0048 tons, 4.4 labor hours, 0.8
                                 Work Center hours

                              

                           
                           
                           	
                              
                              Total for Family A: 0.0036 tons, 3.3 labor hours, 0.6
                                 Work Center hours

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Family B: Custom All-Glass

                        
                        
                        
                        
                           
                           	
                              
                              B Single: 0.0025 tons, 2.6 labor hours, 0.5 Work Center
                                 hours

                              

                           
                           
                           	
                              
                              B Double: 0.0051 tons, 5.2 labor hours, 0.9 Work Center
                                 hours

                              

                           
                           
                           	
                              
                              Total for Family B: 0.0038 tons, 3.9 labor hours, 0.7
                                 Work Center hours

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Family C: Custom Small Window

                        
                        
                        
                        
                           
                           	
                              
                              C Single: 0.0003 tons, 1.8 labor hours, 0.1 Work Center
                                 hours

                              

                           
                           
                           	
                              
                              C Double: 0.0015 tons, 3.6 labor hours, 0.3 Work Center
                                 hours

                              

                           
                           
                           	
                              
                              Total for Family C: 0.0009 tons, 2.7 labor hours, 0.2
                                 Work Center hours

                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-25: Calculating Load on Critical Resources
[image: A table titled “Calculating Load on Critical Resources.” Go to long description for more details.]
                  
                  
                  The table has the header "Families A, B & C:
                     Vandalproof Glass Commercial Doors" and shows data for Week 1 Master
                     Production Schedule (MPS) with corresponding load rates for
                     polycarbonate (recycled), labor, and Work Center 23. Go to long
                     description for more details.

                  
                  
                  
                  Columns:

                  
                  
                  
                  
                     
                     	
                        
                        Product

                        

                     
                     
                     	
                        
                        Week 1 MPS

                        

                     
                     
                     	
                        
                        Polycarbonate, Recycled (tons)

                        
                        
                        
                           
                           	
                              
                              Rate

                              

                           
                           
                           	
                              
                              Load

                              

                           

                        

                     
                     
                     	
                        
                        Labor (standard hours)

                        
                        
                        
                           
                           	
                              
                              Rate

                              

                           
                           
                           	
                              
                              Load

                              

                           

                        

                     
                     
                     	
                        
                        Week 1 Work Center 23 (standard hours)

                        
                        
                        
                           
                           	
                              
                              Rate

                              

                           
                           
                           	
                              
                              Load

                              

                           

                        

                     

                  
                  
                  
                  Rows:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Family A: In-Stock All-Glass

                        
                        
                        
                        
                           
                           	
                              
                              In-Stock Single (ISS): 57 units MPS, 0.0024 tons rate,
                                 0.1368 tons load, 2.2 hours labor rate, 125.4 hours
                                 labor load, 0.4 hours Work Center 23 rate, 22.8 hours
                                 Work Center 23 load

                              

                           
                           
                           	
                              
                              In-Stock Double (ISD): 0 units MPS, 0.0048 tons rate, 0
                                 tons load, 4.4 hours labor rate, 0 hours labor load, 0.8
                                 hours Work Center 23 rate, 0 hours Work Center 23
                                 load

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Family B: Custom All-Glass

                        
                        
                        
                        
                           
                           	
                              
                              B Single: 0 units MPS, 0.0025 tons rate, 0 tons load,
                                 2.6 hours labor rate, 0 hours labor load, 0.5 hours Work
                                 Center 23 rate, 0 hours Work Center 23 load

                              

                           
                           
                           	
                              
                              B Double: 20 units MPS, 0.0051 tons rate, 0.102 tons
                                 load, 5.2 hours labor rate, 104 hours labor load, 0.9
                                 hours Work Center 23 rate, 18 hours Work Center 23
                                 load

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Family C: Custom Small Window

                        
                        
                        
                        
                           
                           	
                              
                              C Single: 0 units MPS, 0.0003 tons rate, 0 tons load,
                                 1.8 hours labor rate, 0 hours labor load, 0.1 hours Work
                                 Center 23 rate, 0 hours Work Center 23 load

                              

                           
                           
                           	
                              
                              C Double: 50 units MPS, 0.0015 tons rate, 0.075 tons
                                 load, 3.6 hours labor rate, 180 hours labor load, 0.3
                                 hours Work Center 23 rate, 15 hours Work Center 23
                                 load

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Overall Sums:

                        
                        
                        
                        
                           
                           	
                              
                              Polycarbonate Load: 0.3138 tons

                              

                           
                           
                           	
                              
                              Labor Load: 409.4 hours

                              

                           
                           
                           	
                              
                              Work Center 23 Load: 55.8 hours

                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-27: Load Profile
[image: Graph showing the scheduling of an assembly work center over a span of weeks with released orders and firm planned orders against available capacity and uncommitted capacity. Go to long description for more details.]
                  
                  
                  This image presents a graph illustrating the scheduling of
                     Assembly work center 1226 over a period from week 32 to week 35. The y-axis
                     represents hours, ranging from 0 to 60. The x-axis represents the week
                     number.

                  
                  
                  
                  
                     
                     	
                        
                        
                        The graph has a shaded area representing the cumulative hours of
                           released orders and firm planned orders.

                        
                        

                     
                     
                     	
                        
                        
                        The total height of the shaded area at any point shows the total
                           hours allocated to orders.

                        
                        

                     
                     
                     	
                        
                        
                        A horizontal line at the 60-hour mark represents the available
                           capacity for the work center.

                        
                        

                     
                     
                     	
                        
                        
                        An arrow labeled "Released orders" points down from the available
                           capacity line to the top of the shaded area.

                        
                        

                     
                     
                     	
                        
                        
                        An arrow labeled "Available capacity" points at the horizontal line
                           at 60 hours.

                        
                        

                     
                     
                     	
                        
                        
                        An arrow labeled "Uncommitted capacity" points down to the gap
                           between the top of the shaded area and the available capacity
                           line.

                        
                        

                     
                     
                     	
                        
                        
                        The graph highlights "Released orders" and "Firm planned orders" in
                           the shaded area.

                        
                        

                     
                     
                     	
                        
                        
                        There is a note at the bottom: "The schedule prior to period 32 is
                           frozen."

                        
                        

                     
                     
                     	
                        
                        
                        DTF is indicated at week 31.

                        
                        

                     
                     
                     	
                        
                        
                        PTF is indicated at end of week 35.

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-29: Revised MPS and RCCP Report
[image: Three tables showing the Master Production Schedule (MPS) for weeks 32 to 35, both original and revised, along with an RCCP report detailing adjusted load and capacity in hours per week for work center 1226. Go to long description for more details.]
                  
                  
                  The image contains the three tables and arrows indicating
                     the flow of information from the MPS to the revised MPS and then to the RCCP
                     report.

                  
                  
                  
                  
                     
                     	
                        
                        
                        MPS for weeks 32 to 35, in units: This table lists the
                           production units for three products (Product 1, Product 2, and
                           Product 3) for work center 1226 across weeks 32 to 35.

                        
                        
                        
                        
                           
                           	
                              
                              
                              Product 1: 180 units for weeks 32 and 33 (total 360)

                              
                              

                           
                           
                           	
                              
                              
                              Product 2: 180 units in week 34 and 36 units in week 35
                                 (total 216)

                              
                              

                           
                           
                           	
                              
                              
                              Product 3: 144 units in week 35 (total 144)

                              
                              

                           
                           
                           	
                              
                              
                              Total for products each week 32-35: 180 units

                              
                              

                           
                           
                           	
                              
                              
                              Total of all products combined: 720 units

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Revised MPS for weeks 32 to 35, in units: This table lists the
                           revised production units for the same products and work center
                           across the same weeks.

                        
                        
                        
                        
                           
                           	
                              
                              
                              Product 1: 161 units each in weeks 32 and 33, 38 units in
                                 week 34 (total 360)

                              
                              

                           
                           
                           	
                              
                              
                              Product 2: 142 units in week 34 and 74 units in week 35
                                 (total 216)

                              
                              

                           
                           
                           	
                              
                              
                              Product 3: 144 units in week 35 (total 144)

                              
                              

                           
                           
                           	
                              
                              
                              Total for products each week 35-35: 161, 161, 180, and
                                 218

                              
                              

                           
                           
                           	
                              
                              
                              Total of all products combined: 720 units

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        RCCP report - Adjusted load and capacity: weeks 32 to 35, in hours
                              per week: This table provides details on standard hours,
                           available capacity, and over/under load for work center 1226.

                        
                        
                        
                        
                           
                           	
                              
                              
                              Standard hours for each week 32-35: 57.96, 57.96, 57.70,
                                 54.76 (total 228.38)

                              
                              

                           
                           
                           	
                              
                              
                              Capacity available: 58.25 each week (total 233.00)

                              
                              

                           
                           
                           	
                              
                              
                              Over(under) load for each week 35-35: (.29), (.29), (.55),
                                 (3.49), (4.62)

                              
                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-31: Master Scheduling Flow
[image: Flowchart depicting the master scheduling flow. Go to long description for more details.]
                  
                  
                  The flowchart visually represents the process of capacity and material
                     planning, showing sequential steps and decision points. It includes
                     rectangular boxes representing different planning stages and diamond
                     shapes for decision points, with arrows indicating the flow and feedback
                     loops.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Aggregate production plan: Located at the top of the chart
                           in a rectangular box; an arrow flows downward to the next
                           stage

                        
                        

                     
                     
                     	
                        
                        
                        Master production schedule: A rectangular box directly
                           below the aggregate production plan; an arrow flows downward to
                           the next stage

                        
                        

                     
                     
                     	
                        
                        
                        Material requirements plan: A rectangular box below the
                           master production schedule; an arrow flows downward to the next
                           stage

                        
                        

                     
                     
                     	
                        
                        
                        Detail capacity plan: A rectangular box below the material
                           requirements plan; an arrow flows downward to the decision
                           point

                        
                        

                     
                     
                     	
                        
                        
                        Realistic? A diamond shape representing a decision point;
                           If "No," an arrow loops back to the material requirements plan
                           and detail capacity plan stages; if "Yes," an arrow flows
                           downward to the execution stages

                        
                        

                     
                     
                     	
                        
                        Execute capacity plans: A rectangular box below the decision
                           point; an arrow flows downward to the final stage.

                        

                     
                     
                     	
                        
                        
                        Execute material plans: The final rectangular box at the
                           bottom of the flowchart

                        
                        

                     

                  
                  
                  
                  Additional arrows and feedback loops:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Arrows indicating changes in requirements flow horizontally back
                           to the material requirements plan stage.

                        
                        

                     
                     
                     	
                        
                        
                        Arrows indicating changes in capacity flow horizontally back to
                           the detail capacity plan stage.

                        
                        

                     
                     
                     	
                        
                        
                        Arrows on the right side flow from the master production schedule
                           to the aggregate production plan for changes in the production
                           plan.

                        
                        

                     
                     
                     	
                        
                        
                        Another arrow flows from the material requirements plan to the
                           master production schedule for changes in the master production
                           schedule.

                        
                        

                     
                     
                     	
                        
                        
                        The right side also includes arrows showing checks if the
                           capacity plan and execution meet the plan, looping back to the
                           respective stages for adjustments.

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-32: Planning Horizon
[image: Flowchart showing the lead times for different work centers labeled G, F, E, D, C, B, and A, with a timeline at the bottom indicating the weeks. Read long description below.]
                  
                  
                  The flowchart visually depicts the lead times for various work centers,
                     each labeled with a letter and connected by lines to illustrate the
                     sequence and dependencies. At the bottom, a timeline spans 13 weeks,
                     indicating the time required for each work center.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Work Center G:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Positioned at the far left.

                              
                              

                           
                           
                           	
                              
                              
                              Labeled "Lead time = 10 weeks."

                              
                              

                           
                           
                           	
                              
                              
                              Connected by a horizontal line to C.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Work Center F:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Located right of G.

                              
                              

                           
                           
                           	
                              
                              
                              Labeled "Lead time = 3 weeks."

                              
                              

                           
                           
                           	
                              
                              
                              Connected by a horizontal line to E.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Work Center E:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Positioned to the right of F.

                              
                              

                           
                           
                           	
                              
                              
                              Labeled "Lead time = 4 weeks."

                              
                              

                           
                           
                           	
                              
                              
                              Connected by a horizontal line to C.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Work Center D:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Positioned below E.

                              
                              

                           
                           
                           	
                              
                              
                              Labeled "Lead time = 3 weeks."

                              
                              

                           
                           
                           	
                              
                              
                              A vertical line connects it between C and A, indicating
                                 its position in the sequence.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Work Center C:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Positioned to the right of E.

                              
                              

                           
                           
                           	
                              
                              
                              Labeled "Lead time = 2 weeks."

                              
                              

                           
                           
                           	
                              
                              
                              Connected by a horizontal line to A and a vertical line
                                 to B and D.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Work Center B:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Positioned above C.

                              
                              

                           
                           
                           	
                              
                              
                              Labeled "Lead time = 2 weeks."

                              
                              

                           
                           
                           	
                              
                              
                              A vertical line connects it between C and A, indicating
                                 its sequence.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Work Center A:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Positioned at the far right.

                              
                              

                           
                           
                           	
                              
                              
                              Labeled "Lead time = 1 week."

                              
                              

                           
                           
                           	
                              
                              
                              A horizontal line extends from C and a vertical line from
                                 B and D.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Timeline:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Located at the bottom, labeled "Weeks."

                              
                              

                           
                           
                           	
                              
                              
                              Numbered from 1 to 13, with boxes representing each
                                 week.

                              
                              

                           
                           
                           	
                              
                              
                              Aligns with the lead times of the work centers, showing
                                 the duration for each stage.

                              
                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-34: Zones and Time Fences
[image: Flowchart illustrating the time fences and change approval levels for MTO and MTS production environments. It shows the demand and planning time fences, finishing lead time, and cumulative lead time across a 12-week timeline. Go to long description for more details.]
                  
                  
                  
                  
                     
                     	
                        
                        
                        Change Approval Levels:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Executive: Associated with the "Frozen" state, symbolized by a
                                 snowflake icon.

                              
                              

                           
                           
                           	
                              
                              
                              Master Scheduler: Associated with the "Slushy" state, symbolized by
                                 dotted snowflake icons.

                              
                              

                           
                           
                           	
                              
                              
                              Demand Manager: Associated with the "Liquid" state, symbolized by a
                                 droplet icon.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        MTO Time Fence:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Demand Time Fence (management determined): Labeled "Frozen,"
                                 controlled by the Executive, with a horizontal line extending up to week
                                 4.

                              
                              

                           
                           
                           	
                              
                              
                              Planning Time Fence (longest cumulative lead time): Labeled "Slushy,"
                                 controlled by the Master Scheduler, with a horizontal line extending up to
                                 week 8.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        MTS Time Fence:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Demand Time Fence (management determined): Labeled "Frozen,"
                                 controlled by the Executive, with a horizontal line extending up to week
                                 3.

                              
                              

                           
                           
                           	
                              
                              
                              Planning Time Fence (longest cumulative lead time): Labeled "Slushy,"
                                 controlled by the Master Scheduler, with a horizontal line extending up to
                                 week 9.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Timeline:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Positioned at the bottom.

                              
                              

                           
                           
                           	
                              
                              
                              Labeled "Weeks," numbered from 1 to 12.

                              
                              

                           
                           
                           	
                              
                              
                              Finishing Lead Time: Horizontal bar starting from week 1 and extending
                                 to the end of week 6.

                              
                              

                           
                           
                           	
                              
                              
                              Cumulative Lead Time: Horizontal bar starting from week 1 and
                                 extending to the end of the timeline.

                              
                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-35: Master Scheduling Grid
[image: This chart depicts a master scheduling grid for periods 1 through 10, divided into three zones: Frozen, Slushy, and Liquid. The Frozen zone, bounded by the Demand Time Fence, indicates limited changes. The Slushy and Liquid zones, separated by the Planning Time Fence, allow more flexibility in scheduling. Go to long description for more details.]
                  
                  
                  This master scheduling grid illustrates the forecast, customer orders, projected
                     available balance (PAB), and available-to-promise (ATP) across 10 periods. The chart
                     is
                     divided into three zones—Frozen (periods 1–3), Slushy (periods 4–8), and Liquid (periods
                     9–10)—each separated by time fences.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Frozen Zone (Periods 1–3): This zone operates under strict conditions, with
                           little to no room for adjustments to the production schedule.

                        
                        

                     
                     
                     	
                        
                        
                        Slushy Zone (Periods 4–8): This zone offers more flexibility for adjusting
                           schedules based on customer demand and forecast fluctuations.

                        
                        

                     
                     
                     	
                        
                        
                        Liquid Zone (Periods 9–10): The most flexible zone allows for easier
                           schedule changes.

                        
                        

                     

                  
                  
                  
                  The Demand Time Fence between the Frozen and Slushy zones and the Planning Time Fence
                     between the Slushy and Liquid zones define the operational flexibility available to
                     the
                     production planner.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-39: Discrete vs. Cumulative With and Without Look-Ahead
[image: A table showing various production planning metrics across three time zones: Frozen Zone, Slushy Zone, and Liquid Zone. The rows include Forecast, Customer Orders (backlog), Projected Available Balance (PAB), Discrete ATP, Cumulative ATP with look-ahead, Cumulative ATP without look-ahead, and Master Production Schedule (MPS). The columns are labeled with periods 1 to 10, divided into the three zones. Arrows indicate the Demand Time Fence and Planning Time Fence. Go to long description for more details.]
                  
                  
                  This table presents production planning data divided into three time zones: Frozen
                     Zone, Slushy Zone, and Liquid Zone. Each zone represents different levels of
                     flexibility in production scheduling:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Frozen Zone (Periods 1 to 3):

                        
                        
                        
                        
                           
                           	
                              
                              Before Period 1, the PAB is 50.

                              

                           
                           
                           	
                              
                              Period 1: Forecast 20, Customer Orders 19, PAB 31, Discrete ATP 14, Cumulative
                                 ATP with look-ahead 14, Cumulative ATP without look-ahead 14.

                              

                           
                           
                           	
                              
                              Period 2: Forecast 22, Customer Orders 17, PAB 14.

                              

                           
                           
                           	
                              
                              Period 3: Forecast 21, Customer Orders 15, PAB 49, Discrete ATP 24, Cumulative
                                 ATP with look-ahead 38, Cumulative ATP without look-ahead 49, MPS 50.

                              

                           
                           
                           	
                              
                              The Demand Time Fence is indicated at the end of the Frozen Zone. 

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Slushy Zone (Periods 4 to 8):

                        
                        
                        
                        
                           
                           	
                              
                              Period 4: Forecast 25, Customer Orders 11, PAB 24.

                              

                           
                           
                           	
                              
                              Period 5: Forecast 24, Customer Orders 9, PAB 50, Discrete ATP 34, Cumulative
                                 ATP with look-ahead 72, Cumulative ATP without look-ahead 90, MPS 50.

                              

                           
                           
                           	
                              
                              Period 6: Forecast 23, Customer Orders 5, PAB 27.

                              

                           
                           
                           	
                              
                              Period 7: Forecast 21, Customer Orders 5, PAB 27.

                              

                           
                           
                           	
                              
                              Period 8: Forecast 21, Customer Orders 1, PAB 35, Discrete ATP 49, Cumulative
                                 ATP with look-ahead 121, Cumulative ATP without look-ahead 139, MPS 50.

                              

                           
                           
                           	
                              
                              The Planning Time Fence is indicated at the end of the Slushy Zone.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Liquid Zone (Periods 9 to 10):

                        
                        
                        
                        
                           
                           	
                              
                              Period 9: Forecast 25, Customer Orders 0, PAB 10.

                              

                           
                           
                           	
                              
                              Period 10: Forecast 25, Customer Orders 0, PAB 35, Discrete ATP 50, Cumulative
                                 ATP with look-ahead 171, Cumulative ATP without look-ahead 189, MPS 50.

                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-40: Incomplete ATP Calculations on Master Schedule
[image: A table titled "Master Schedule: Make-to-stock Chase Production Example" showing production metrics across multiple weeks. Go to long description for more details.]
                  
                  
                  This table presents a master schedule example for a make-to-stock chase production
                     system with a beginning inventory of 70 units and a lot size of 100 units. The table
                     shows data for weeks 0 through 16 and includes the following metrics: Forecast,
                     Customer Orders, Projected Available Balance, Master Production Schedule, and
                     Available-to-Promise.

                  
                  
                  
                  Values:

                  
                  
                  
                  
                     
                     	
                        
                        Week 0: PAB 70

                        

                     
                     
                     	
                        
                        Week 1: Forecast 50, Customer Orders 48, PAB 22, ATP 22

                        

                     
                     
                     	
                        
                        Week 2: Forecast 60, Customer Orders 66, PAB 56, MPS 100, ATP 34

                        

                     
                     
                     	
                        
                        Week 3: Forecast 70, Customer Orders 57, PAB 99, MPS 100, ATP -19

                        

                     
                     
                     	
                        
                        The Demand Time Fence is indicated after week 3

                        

                     
                     
                     	
                        
                        Week 4: Forecast 90, Customer Orders 62, PAB 9

                        

                     
                     
                     	
                        
                        Week 5: Forecast 70, Customer Orders 30, PAB 39, MPS 100, ATP 70

                        

                     
                     
                     	
                        
                        Week 6: Forecast 20, Customer Orders 0, PAB 19

                        

                     
                     
                     	
                        
                        Week 12: Forecast 20, Customer Orders 0, PAB 99, MPS 100, ATP 100

                        

                     
                     
                     	
                        
                        Week 13: Forecast 20, Customer Orders 0, PAB 79

                        

                     
                     
                     	
                        
                        The Planning Time Fence is indicated after week 13.

                        

                     
                     
                     	
                        
                        Week 14: Forecast 20, Customer Orders 0, PAB 59

                        

                     
                     
                     	
                        
                        Week 15: Forecast 20, Customer Orders 0, PAB 39

                        

                     
                     
                     	
                        
                        Week 16: Forecast 20, Customer Orders 0, PAB 19

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-41: Completed ATP Calculations on Master Schedule
[image: A table titled "Master Schedule: Make-to-stock Chase Production Example" showing production metrics across multiple weeks. Go to long description for more details.]
                  
                  
                  This table presents a master schedule example for a make-to-stock chase production
                     system with a beginning inventory of 70 units and a lot size of 100 units. The table
                     shows data for weeks 0 through 16 and includes the following metrics: Forecast,
                     Customer Orders, Projected Available Balance, Master Production Schedule, and
                     Available-to-Promise.

                  
                  
                  
                  Values:

                  
                  
                  
                  
                     
                     	
                        
                        Week 0: PAB 70

                        

                     
                     
                     	
                        
                        Week 1: Forecast 50, Customer Orders 48, PAB 22, ATP 22

                        

                     
                     
                     	
                        
                        Week 2: Forecast 60, Customer Orders 66, PAB 56, MPS 100, ATP 15

                        

                     
                     
                     	
                        
                        Week 3: Forecast 70, Customer Orders 57, PAB 99, MPS 100, ATP 0

                        

                     
                     
                     	
                        
                        The Demand Time Fence is indicated after week 3

                        

                     
                     
                     	
                        
                        Week 4: Forecast 90, Customer Orders 62, PAB 9

                        

                     
                     
                     	
                        
                        Week 5: Forecast 70, Customer Orders 30, PAB 39, MPS 100, ATP 70

                        

                     
                     
                     	
                        
                        Week 6: Forecast 20, Customer Orders 0, PAB 19

                        

                     
                     
                     	
                        
                        Week 12: Forecast 20, Customer Orders 0, PAB 99, MPS 100, ATP 100

                        

                     
                     
                     	
                        
                        Week 13: Forecast 20, Customer Orders 0, PAB 79

                        

                     
                     
                     	
                        
                        The Planning Time Fence is indicated after week 13.

                        

                     
                     
                     	
                        
                        Week 14: Forecast 20, Customer Orders 0, PAB 59

                        

                     
                     
                     	
                        
                        Week 15: Forecast 20, Customer Orders 0, PAB 39

                        

                     
                     
                     	
                        
                        Week 16: Forecast 20, Customer Orders 0, PAB 19

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-47: Safety Stock with PTF Decision Rule
[image: A table titled "Action message: Reschedule MPS period 6 to period 5?" showing production metrics across multiple periods within different planning zones (Frozen, Slushy, and Liquid). The table includes rows for Forecast, Customer Orders (backlog), Projected Available Balance (PAB), and Master Production Schedule (MPS). Two vertical lines indicate the Demand Time Fence after Period 3 and the Planning Time Fence after Period 8. Go to long description for more details.]
                  
                  
                  This table presents a master production schedule
                     (MPS) example for rescheduling period 6 to period 5, with safety
                     stock of 5 units and a lot size of 50 units. The table shows data
                     for periods 1 through 10:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Frozen Zone (Periods 1-3):
                           

                        
                        
                        
                        
                           
                           	
                              
                              
                              Before Period 1: PAB: 50

                              
                              

                           
                           
                           	
                              
                              
                              Period 1: Forecast 20, Customer Orders 19, PAB 31

                              
                              

                           
                           
                           	
                              
                              
                              Period 2: Forecast 22, Customer Orders 17, PAB 14

                              
                              

                           
                           
                           	
                              
                              
                              Period 3: Forecast 21, Customer Orders 15, PAB 49,
                                 MPS 50

                              
                              

                           
                           
                           	
                              
                              
                              The Demand Time Fence is indicated after week 3

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Slushy Zone (Periods 4-8):
                           

                        
                        
                        
                        
                           
                           	
                              
                              
                              Period 4: Forecast 25, Customer Orders 11, PAB 24

                              
                              

                           
                           
                           	
                              
                              
                              Period 5: Forecast 24, Customer Orders 9, PAB 0

                              
                              

                           
                           
                           	
                              
                              
                              Period 6: Forecast 23, Customer Orders 5, PAB 27, MPS
                                 50

                              
                              

                           
                           
                           	
                              
                              
                              Period 7: Forecast 21, Customer Orders 2, PAB 6

                              
                              

                           
                           
                           	
                              
                              
                              Period 8: Forecast 21, Customer Orders 1, PAB 35, MPS
                                 50

                              
                              

                           
                           
                           	
                              
                              
                              The Planning Time Fence is indicated after week 8

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Liquid Zone (Periods 9-10):
                           

                        
                        
                        
                        
                           
                           	
                              
                              
                              Period 9: Forecast 35, Customer Orders 0, PAB 50, MPS
                                 50

                              
                              

                           
                           
                           	
                              
                              
                              Period 10: Forecast 25, Customer Orders 0, PAB 25

                              
                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-48: Manufacturing Planning and Control
[image: This diagram represents the integration of demand-side activities, strategic and business planning, priority planning, supply-side activities, and production activity control in a manufacturing environment. Read long description below.]
                  
                  
                  The flowchart includes:

                  
                  
                  
                  
                     
                     	
                        
                        Demand-Side Activities: Forecasting, Demand Management, and
                           Distribution Requirements Planning (DRP)

                        

                     
                     
                     	
                        
                        Strategic and Business Planning

                        

                     
                     
                     	
                        
                        Priority Planning: Sales and Operations Planning (S&OP) -
                           Production Plan; Master Scheduling (MS) - Master Production Schedule
                           (MPS); Material Requirements Planning (MRP) - Materials Requirements
                           Plan

                        

                     
                     
                     	
                        
                        Supply-Side Activities: Capacity Planning includes Resource
                           Planning (RP), Rough-Cut Capacity Planning (RCCP), and Capacity
                           Requirements Planning (CRP)

                        

                     
                     
                     	
                        
                        Purchasing

                        

                     
                     
                     	
                        
                        Production Activity Control (PAC): Scheduling,
                           Implementation, and Capacity Control

                        

                     

                  
                  
                  
                  The flow of information between these sections is depicted by arrows,
                     showing how data moves from one planning stage to another, ensuring
                     synchronization across the entire manufacturing process. The chart
                     captures the complexity and interconnectedness of manufacturing planning
                     activities, emphasizing the need for coordinated efforts across various
                     functions to meet production goals effectively.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-49: Bucketless MRP Example
[image: A table displaying inventory transactions for Part Number 12345 over several days in June, showing Forecasts, Customer Orders, MPS Receipts, and Planned MPS Receipts along with quantities and Projected Available Balance (PAB). Read long description below.]
                  
                  
                  This table provides detailed inventory management data for Part Number
                     12345, described as "Widget." The lead time for this part is 5 days,
                     with a safety stock of 10 units and a lot size of 50 units. The data
                     includes specific dates in June and records various transactions,
                     quantities, and the resulting Projected Available Balance (PAB).

                  
                  
                  
                  
                     
                     	
                        
                        Part Number: 12345

                        

                     
                     
                     	
                        
                        Lead Time (Days): 5

                        

                     
                     
                     	
                        
                        Description: Widget

                        

                     
                     
                     	
                        
                        Safety Stock: 10

                        

                     
                     
                     	
                        
                        Lot Size: 50

                        

                     

                  
                  
                  
                  Beginning of June:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Initial PAB: 100 units

                        
                        

                     

                  
                  
                  
                  Transactions:

                  
                  
                  
                  
                     
                     	
                        
                        
                        1-Jun: Forecast

                        
                        
                        
                        
                           
                           	
                              
                              
                              Quantity: 20

                              
                              

                           
                           
                           	
                              
                              
                              PAB: 80

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        3-Jun: MPS Receipt

                        
                        
                        
                        
                           
                           	
                              
                              
                              Quantity: 50

                              
                              

                           
                           
                           	
                              
                              
                              PAB: 130

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        4-Jun: Customer Order

                        
                        
                        
                        
                           
                           	
                              
                              
                              Quantity: 100

                              
                              

                           
                           
                           	
                              
                              
                              PAB: 30

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        5-Jun: Customer Order

                        
                        
                        
                        
                           
                           	
                              
                              
                              Quantity: 25

                              
                              

                           
                           
                           	
                              
                              
                              PAB: 5

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        5-Jun: Planned MPS Receipt

                        
                        
                        
                        
                           
                           	
                              
                              
                              Quantity: 50

                              
                              

                           
                           
                           	
                              
                              
                              PAB: 55

                              
                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-53: Bill of Material
[image: A table listing components for a product assembly. Go to long description for more details.]
                  
                  
                  This table lists the components required for
                     assembling a product identified as Family A: In-Stock All-Glass
                     Vandalproof Commercial Doors, with the product being the In-Stock Double
                     (ISD) and the part number 100. The description is "Vandalproof glass
                     double doors, silver trim."

                  
                  
                  
                  
                     
                     	
                        
                        Part Number: 202

                        
                        
                        
                           
                           	
                              
                              Description: Door, Family A

                              

                           
                           
                           	
                              
                              Quantity: 2

                              

                           
                           
                           	
                              
                              Units: Each

                              

                           

                        

                     
                     
                     	
                        
                        Part Number: 422

                        
                        
                        
                           
                           	
                              
                              Description: Handle and crashbar, silver

                              

                           
                           
                           	
                              
                              Quantity: 2

                              

                           
                           
                           	
                              
                              Units: Kit

                              

                           

                        

                     
                     
                     	
                        
                        Part Number: 323

                        
                        
                        
                           
                           	
                              
                              Description: Lockset

                              

                           
                           
                           	
                              
                              Quantity: 2

                              

                           
                           
                           	
                              
                              Units: Kit

                              

                           

                        

                     
                     
                     	
                        
                        Part Number: 735

                        
                        
                        
                           
                           	
                              
                              Description: Door frame, double, silver

                              

                           
                           
                           	
                              
                              Quantity: 1

                              

                           
                           
                           	
                              
                              Units: Each

                              

                           

                        

                     
                     
                     	
                        
                        Part Number: 682

                        
                        
                        
                           
                           	
                              
                              Description: Hydraulic closer, silver

                              

                           
                           
                           	
                              
                              Quantity: 2

                              

                           
                           
                           	
                              
                              Units: Each

                              

                           

                        

                     
                     
                     	
                        
                        Part Number: 502

                        
                        
                        
                           
                           	
                              
                              Description: Hardware Kit

                              

                           
                           
                           	
                              
                              Quantity: 1

                              

                           
                           
                           	
                              
                              Units: Kit

                              

                           

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-55: Single-Level BOM for Part 202
[image: A table detailing the components of the product "Door, Family A" with the description "Vandalproof glass door, silver trim" and part number 202. The table includes columns for part number, description, quantity, and units. Read long description below.]
                  
                  
                  
                  
                     
                     	
                        
                        
                        Part Number: 701

                        
                        
                        
                        
                           
                           	
                              
                              Description: Vandalproof glass, 0.8m x
                                 1.2m

                              

                           
                           
                           	
                              
                              Quantity: 2

                              

                           
                           
                           	
                              
                              Units: Each

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Part Number: 670

                        
                        
                        
                        
                           
                           	
                              
                              Description: Top frame, silver

                              

                           
                           
                           	
                              
                              Quantity: 1

                              

                           
                           
                           	
                              
                              Units: Each

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Part Number: 113

                        
                        
                        
                        
                           
                           	
                              
                              Description: Bottom frame, silver

                              

                           
                           
                           	
                              
                              Quantity: 1

                              

                           
                           
                           	
                              
                              Units: Each

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Part Number: 808

                        
                        
                        
                        
                           
                           	
                              
                              Description: Center frame, silver

                              

                           
                           
                           	
                              
                              Quantity: 1

                              

                           
                           
                           	
                              
                              Units: Each

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Part Number: 754

                        
                        
                        
                        
                           
                           	
                              
                              Description: Side frame, silver

                              

                           
                           
                           	
                              
                              Quantity: 2

                              

                           
                           
                           	
                              
                              Units: Each

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Part Number: 232

                        
                        
                        
                        
                           
                           	
                              
                              Description: Molding, gray

                              

                           
                           
                           	
                              
                              Quantity: 8

                              

                           
                           
                           	
                              
                              Units: Meters

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Part Number: 799

                        
                        
                        
                        
                           
                           	
                              
                              Description: Caulk, silicone,
                                 clear

                              

                           
                           
                           	
                              
                              Quantity: 10

                              

                           
                           
                           	
                              
                              Units: Meters

                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-57: Multilevel Bill of Material in Product Tree Format
[image: A hierarchical diagram showing the structure of an in-stock double door. The structure is divided into different levels indicating the components and subcomponents of the door. Read long description below.]
                  
                  
                  
                     
                     	
                        
                        
                        Level 0:

                        
                        
                        
                        
                           
                           	
                              
                              In-Stock Double (100)

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Level 1:

                        
                        
                        
                        
                           
                           	
                              
                              Door (2) 202

                              

                           
                           
                           	
                              
                              Handle (2) 422

                              

                           
                           
                           	
                              
                              Lockset (2) 323

                              

                           
                           
                           	
                              
                              Frame (1) 735

                              

                           
                           
                           	
                              
                              Closer (2) 682

                              

                           
                           
                           	
                              
                              Hardware (1) 502

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Level 2 (Subcomponents of Door):

                        
                        
                        
                        
                           
                           	
                              
                              Glass (2) 701

                              

                           
                           
                           	
                              
                              Top (1) 670

                              

                           
                           
                           	
                              
                              Bottom (1) 113

                              

                           
                           
                           	
                              
                              Center (1) 808

                              

                           
                           
                           	
                              
                              Side (2) 754

                              

                           
                           
                           	
                              
                              Molding (8) 232

                              

                           
                           
                           	
                              
                              Caulk (10) 799

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Level 3 (Subcomponents of Glass):

                        
                        
                        
                        
                           
                           	
                              
                              Glass (2) 656

                              

                           
                           
                           	
                              
                              Polycarb. recycled (0.0024) 961

                              

                           
                           
                           	
                              
                              Polycarb. virgin (0.0012) 962

                              

                           

                        
                        

                     

                  4o
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-58: Multilevel Bill of Material in Indented Bill Format
[image: A bill of materials table for Family A: In-Stock All-Glass Vandalproof Commercial Doors, Product: In-Stock Double (ISD), Part Number: 100, with a description of Vandalproof glass double doors with silver trim. The table lists part numbers, descriptions, quantities, and units in indented format. Read long description below.]
                  
                  
                  Part Number 202: Door, Family A; 2
                     Each

                  
                  
                  
                  
                     
                     	
                        
                        Part Number 701: Vandalproof glass, 0.8m x 1.2m; 2
                           Each

                        
                        
                        
                           
                           	
                              
                              Part Number 656: Glass, 0.8m x 1m x 0.0005m; 2
                                 Each

                              

                           
                           
                           	
                              
                              Part Number 961: Polycarbonate, recycled;
                                 0.0024 Tons

                              

                           
                           
                           	
                              
                              Part Number 962: Polycarbonate, virgin; 0.0012
                                 Tons

                              

                           

                        

                     
                     
                     	
                        
                        
                        
                           
                           	
                              
                              Part Number 670: Top frame, silver; 1
                                 Each

                              

                           
                           
                           	
                              
                              Part Number 113: Bottom frame, silver; 1
                                 Each

                              

                           
                           
                           	
                              
                              Part Number 808: Center frame, silver; 1
                                 Each

                              

                           
                           
                           	
                              
                              Part Number 754: Side frame, silver; 2
                                 Each

                              

                           
                           
                           	
                              
                              Part Number 232: Molding, gray; 8 Meters

                              

                           
                           
                           	
                              
                              Part Number 799: Caulk, silicone, clear; 10
                                 Meters

                              

                           

                        
                        

                     

                  
                  
                  
                  Part Number 422: Handle and crashbar, silver; 2 Kit

                  
                  
                  
                  Part Number 323: Lockset; 2 Kit

                  
                  
                  
                  Part Number 735: Door frame, double, silver; 1 Each

                  
                  
                  
                  Part Number 682: Hydraulic closer, silver; 2 Each

                  
                  
                  
                  Part Number 502: Hardware Kit; 1 Kit

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-59: Sample Item Record
[image: An inventory management record for a part number 10564, titled "gear housing." It includes detailed information about the part’s status data, planning factors, and transaction history. Go to long description for more details.]
                  
                  
                  The record contains the following data:

                  
                  
                  
                  
                     
                     	
                        
                        Part #: 10564

                        

                     
                     
                     	
                        
                        Description: gear housing

                        

                     
                     
                     	
                        
                        Unit of measure: EA (each)

                        

                     
                     
                     	
                        
                        Order policy: FOQ

                        

                     
                     
                     	
                        
                        Order quantity: 50; indicated as planning factor

                        

                     
                     
                     	
                        
                        Source code: M

                        

                     
                     
                     	
                        
                        ABC code: B

                        

                     
                     
                     	
                        
                        Lead time: 3; indicated as planning factor

                        

                     
                     
                     	
                        
                        Standard cost: 108.44

                        

                     
                     
                     	
                        
                        Prime location: 12C3

                        

                     
                     
                     	
                        
                        Drawing: 10564B

                        

                     
                     
                     	
                        
                        Revision: F1

                        

                     
                     
                     	
                        
                        Planner/buyer: D

                        

                     
                     
                     	
                        
                        Last cycle: 03/22

                        

                     
                     
                     	
                        
                        Last receipt: 04/01

                        

                     
                     
                     	
                        
                        Last issue: 04/06

                        

                     
                     
                     	
                        
                        YTD usage: 190; transaction history and usage data provided

                        

                     
                     
                     	
                        
                        MTD usage: 23; transaction history and usage data provided

                        

                     
                     
                     	
                        
                        On hand: 17; indicated as status data

                        

                     
                     
                     	
                        
                        Allocations: 7; indicated as status data

                        

                     
                     
                     	
                        
                        Available: 10

                        

                     
                     
                     	
                        
                        On order: 22; indicated as status data

                        

                     
                     
                     	
                        
                        Safety stock: 0; indicated as planning factor

                        

                     
                     
                     	
                        
                        Scrap factor: 0.10; indicated as planning factor

                        

                     

                  
                  
                  
                  A transaction history is also provided for 6 dates with rows for Reference,
                     Initials, Receipts, Issues, Adjust, Stores, Location, and Balance.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-62: Firm Planned Order in Week 2
[image: A table titled “Firm Planned Order in Week 2,” showing the Material Requirements Planning (MRP) for Part C over a six-week period. Go to long description for more details.]
                  
                  
                  The table outlines the Material Requirements Planning (MRP) for Part C
                     over a six-week period. It details the gross requirements, scheduled
                     receipts, projected available inventory, net requirements, planned order
                     receipts, and planned order releases. Gross requirements fluctuate
                     between 40 and 60 units each week. Scheduled receipts show a receipt of
                     50 units in week 2. The projected available inventory starts at 40
                     units, drops to zero by week 1, and then shows 40 units in week 3,
                     before dropping to 0 again by Week 4. Net requirements are 60 units in
                     Week 3 and 50 units in Week 5. Planned order receipts are set for 100
                     units in week 3 and 50 units in week 5, with corresponding planned order
                     releases of 100 units in week 1 and 50 firm units in week 2, ensuring
                     that the inventory levels are sufficient to meet the production
                     demands.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-63: MRP Record Listing Part 202, Door, Family A
[image: A table titled “MRP Record Listing Part 202, Door, Family A.” Go to long description for more details.]
                  
                  
                  The table outlines the material requirements planning
                     (MRP) for a specific part over a 13-week period. It includes lead time, lot
                     size, gross requirements, scheduled receipts, projected available inventory,
                     net requirements, planned order receipts, and planned order releases. The
                     table tracks weekly inventory and production needs, showing how scheduled
                     receipts and planned orders are used to meet varying gross requirements and
                     maintain appropriate inventory levels. Net requirements and projected
                     available inventory are calculated to ensure production demands are met
                     consistently throughout the period.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-66: Product Tree with Exploded Requirements
[image: A hierarchical diagram showing the levels of components and their quantities required for the assembly of a product, with purchased components highlighted and their total quantities calculated. Go to long description for more details.]
                  
                  
                  The diagram visually represents the breakdown of components and their
                     quantities for product assembly across multiple levels, and calculates
                     the total quantities required for each component. The levels are
                     organized as follows:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Level 0: A (Top-level product)

                        
                        

                     
                     
                     	
                        
                        
                        Level 1: B (2); C (4); D (2)

                        
                        

                     
                     
                     	
                        
                        
                        Level 2:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Under B: E (2)

                              
                              

                           
                           
                           	
                              
                              
                              Under D: F (2); G (3); H (1)

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Level 3:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Under F: C (1); E (2); G (4)

                              
                              

                           

                        
                        

                     

                  
                  
                  
                  The purchased components are C, E, G, and H. The calculations for each
                     component are detailed on the right side of the diagram:

                  
                  
                  
                  
                     
                     	
                        
                        
                        C:

                        
                        
                        
                        
                           
                           	
                              
                              
                              1 x 4 Cs = 4 Cs (direct requirement from A)

                              
                              

                           
                           
                           	
                              
                              
                              2 Ds x 2 Fs x 1 C = 4 Cs (total from F under D)

                              
                              

                           
                           
                           	
                              
                              
                              SUM: 4 + 4 = 8 Cs

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        E:

                        
                        
                        
                        
                           
                           	
                              
                              
                              2 Bs x 2 Es = 4 Es (total from E under B)

                              
                              

                           
                           
                           	
                              
                              
                              2 Ds x 2 Fs x 2 Es = 8 Es (total from F under D)

                              
                              

                           
                           
                           	
                              
                              
                              SUM: 4 + 8 = 12 Es

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        G:

                        
                        
                        
                        
                           
                           	
                              
                              
                              2 Ds x 3 Gs = 6 Gs (total from G under D)

                              
                              

                           
                           
                           	
                              
                              
                              2 Ds x 2 Fs x 4 Gs = 16 Gs (total from F under D)

                              
                              

                           
                           
                           	
                              
                              
                              SUM: 6 + 16 = 22 Gs

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        H:

                        
                        
                        
                        
                           
                           	
                              
                              
                              2 Ds x 1 H = 2 Hs (total from H under D)

                              
                              

                           
                           
                           	
                              
                              
                              SUM: 2 Hs

                              
                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-67: Product Tree with Lead Times
[image: A hierarchical diagram showing the levels of components and their lead times for the assembly of a product, with gross requirements for component G indicated on a timeline. Go to long description for more details.]
                  
                  
                  The diagram visually represents the breakdown of components, their
                     quantities, and lead times for product assembly across multiple levels.
                     It also includes a timeline indicating the gross requirements for
                     component G over several weeks.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Level 0:

                        
                        
                        
                        
                           
                           	
                              
                              
                              A: Lead time = 1 week

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Level 1:

                        
                        
                        
                        
                           
                           	
                              
                              
                              B (2): Lead time = 1 week

                              
                              

                           
                           
                           	
                              
                              
                              C (4): Lead time = 2 weeks

                              
                              

                           
                           
                           	
                              
                              
                              D (2): Lead time = 1 week

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Level 2:

                        
                        
                        
                        
                           
                           	
                              
                              
                              E (2) (under B): Lead time = 2 weeks

                              
                              

                           
                           
                           	
                              
                              
                              F (2) (under D): Lead time = 1 week

                              
                              

                           
                           
                           	
                              
                              
                              G (3) (under D): Lead time = 2 weeks

                              
                              

                           
                           
                           	
                              
                              
                              H (1) (under D): Lead time = 1 week

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Level 3:

                        
                        
                        
                        
                           
                           	
                              
                              
                              C (1) (under F): Lead time = 2 weeks

                              
                              

                           
                           
                           	
                              
                              
                              E (2) (under F): Lead time = 2 weeks

                              
                              

                           
                           
                           	
                              
                              
                              G (4) (under F): Lead time = 2 weeks

                              
                              

                           

                        
                        

                     

                  
                  
                  
                  The timeline at the bottom of the diagram shows the gross requirements
                     for component G over six weeks, specifically indicating:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Week 3: 16 units

                        
                        

                     
                     
                     	
                        
                        
                        Week 4: 6 units

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-68: Offsetting Planned Order Releases from Receipts
[image: A table showing the planned order receipts and releases for various part numbers over a six-week period, with shading and arrows indicating offsetting and the source of exploded requirements. Go to long description for more details.]
                  
                  
                  The table outlines the planned order receipts and releases for different
                     part numbers (A, B, C, D, E, F, G, H) over a six-week period. Each part
                     number has an associated lead time, and the table is used to schedule
                     when orders should be released and received to meet demand.

                  
                  
                  
                  Shading in the table highlights the offsetting process, where the planned
                     order releases are scheduled to ensure that the planned order receipts
                     occur on time. Arrows indicate the source of exploded requirements,
                     showing how the demand for one part influences the need for other
                     parts.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-70: Preliminary MRP Calculations with Net Requirements
[image: A table titled “Preliminary MRP Calculations with Net Requirements.” Go to long description for more details.]
                  
                  
                  The table tracks material requirements planning (MRP) for
                     four different parts (C, E, G, and H) over a 6-week period. It includes
                     columns for each week and rows for gross requirements, scheduled receipts,
                     projected available inventory, net requirements, planned order receipts, and
                     planned order releases. Each part has a specified lead time, and the table
                     details how the inventory levels are managed to meet production needs. The
                     data shows the balance of projected available inventory against gross
                     requirements and scheduled receipts, with necessary adjustments made through
                     net requirements and planned orders to maintain inventory levels and ensure
                     timely production.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-71: Completed MRP Record
[image: A table titled “Completed MRP Record.” Go to long description for more details.]
                  
                  
                  This table outlines the Material Requirements Planning
                     (MRP) data for four different parts (C, E, G, and H) over a 6-week period.
                     For each part, the table includes columns for gross requirements, scheduled
                     receipts, projected available inventory, net requirements, planned order
                     receipts, and planned order releases. Each part has a specific lead time,
                     indicating the time required to procure or produce the part. The data shows
                     how inventory levels are managed, with gross requirements reflecting the
                     demand for each part, and scheduled receipts showing incoming inventory. The
                     projected available inventory is calculated based on the initial inventory
                     and incoming inventory minus the demand. Net requirements indicate
                     additional quantities needed to meet the demand, and planned order receipts
                     and releases show the timing and quantity of orders to be placed to ensure
                     that the inventory is available when needed.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-73: BOM Explosion
[image: A hierarchical diagram representing the lead times and quantities per component for Items A and F. The diagram is divided into three levels, with Item A and Item F at the top level, their subcomponents at the middle level, and further subcomponents at the bottom level. Go to long description for more details.]
                  
                  
                  Level 0: Middle Level (Level 1) For Item A:
                     Component B: Quantity per 1, Lead time = 1 week Component C: Quantity
                     per 2, Lead time = 2 weeks Component D: Quantity per 2, Lead time = 1
                     week For Item F: Component B: Quantity per 1, Lead time = 1 week
                     Component D: Quantity per 1, Lead time = 1 week Component E: Quantity
                     per 1, Lead time = 1 week Bottom Level (Level 2) For Components of Item
                     A: Component C: Quantity per 2, Lead time = 2 weeks (subcomponent of B)
                     Component E: Quantity per 3, Lead time = 1 week (subcomponent of C) For
                     Components of Item F: Component C: Quantity per 2, Lead time = 2 weeks
                     (subcomponent of B) Component E: Quantity per 3, Lead time = 1 week
                     (subcomponent of D)

                  
                  
                  
                  
                     
                     	
                        
                        
                        Item A (Level 0): Lead time = 2 weeks

                        
                        
                        
                        
                           
                           	
                              
                              
                              Component B (Level 1): Quantity per 1, Lead time = 1
                                 week

                              
                              

                           
                           
                           	
                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Subcomponent C (Level 2): Quantity per 2, Lead
                                       time = 2 weeks (subcomponent of B)

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Subcomponent E (Level 2): Quantity per 3, Lead
                                       time = 1 week (subcomponent of B) 

                                    
                                    

                                 

                              
                              

                           
                           
                           	
                              
                              
                              Component C (Level 1): Quantity per 2, Lead time = 2
                                 weeks

                              
                              

                           
                           
                           	
                              
                              
                              Component D (Level 1): Quantity per 2, Lead time = 1
                                 week

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        For Item F (Level 0): Lead time = 1 week

                        
                        
                        
                        
                           
                           	
                              
                              
                              Component B (Level 1): Quantity per 1, Lead time = 1
                                 week

                              
                              

                           
                           
                           	
                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Subcomponent C (Level 2): Quantity per 2, Lead
                                       time = 2 weeks (subcomponent of B)

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Subcomponent E (Level 2): Quantity per 3, Lead
                                       time = 1 week (subcomponent of B)

                                    
                                    

                                 

                              
                              

                           
                           
                           	
                              
                              
                              Component D (Level 1): Quantity per 1, Lead time = 1
                                 week

                              
                              

                           
                           
                           	
                              
                              
                              Component E (Level 1): Quantity per 1, Lead time = 1
                                 week

                              
                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-74: Gross-to-Net Calculations for Item A
[image: A table for Item A showing its lot size, lead time, and requirements over an 8-week period. The table includes columns for gross requirements, scheduled receipts, projected available, net requirements, planned order receipts, and planned order releases. Go to long description for more details.]
                  
                  
                  The table provides detailed data for Item A,
                     organized by week and including various categories of requirements
                     and receipts. It follows an L4L (lot-for-lot) policy with a lead
                     time of 2 weeks. 

                  
                  
                  
                  MPS is noted on the left, pointing towards "Gross
                     requirements".

                  
                  
                  
                  
                     
                     	
                        
                        
                        Gross requirements:

                        
                        
                        
                        
                           
                           	
                              
                              Week 4: 10 units

                              

                           
                           
                           	
                              
                              Week 6: 100 units

                              

                           
                           
                           	
                              
                              Week 8: 10 units

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Scheduled receipts:

                        
                        
                        
                        
                           
                           	
                              
                              All weeks: 0 units

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Projected available:

                        
                        
                        
                        
                           
                           	
                              
                              Week 1 to Week 8: 0 units (indicated as "Always 0
                                 because of L4L")

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Net requirements:

                        
                        
                        
                        
                           
                           	
                              
                              Week 4: 10 units

                              

                           
                           
                           	
                              
                              Week 6: 100 units

                              

                           
                           
                           	
                              
                              Week 8: 10 units

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Planned order receipts:

                        
                        
                        
                        
                           
                           	
                              
                              Week 4: 10 units

                              

                           
                           
                           	
                              
                              Week 6: 100 units

                              

                           
                           
                           	
                              
                              Week 8: 10 units

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Planned order releases:

                        
                        
                        
                        
                           
                           	
                              
                              Week 2: 10 units

                              

                           
                           
                           	
                              
                              Week 4: 100 units

                              

                           
                           
                           	
                              
                              Week 6: 10 units

                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-76: Gross-to-Net Requirements for Component B
[image: A table for Component B showing the gross requirements, scheduled receipts, projected available, net requirements, planned order receipts, and planned order releases over an 8-week period. The table includes arrows and circled values to illustrate changes in inventory and order planning. Go to long description for more details.]
                  
                  
                  The table provides detailed data for Component B,
                     (Lot size = L4L and Lead time = 1) organized by week and including
                     various categories of requirements and receipts. The table
                     illustrates the on-hand balance due to a canceled order and how the
                     planned order releases and projected available quantities are
                     calculated.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Gross requirements: Week 1 (0), Week 2 (10), Week 3 (0), Week
                           4 (120), Week 5 (20), Week 6 (10), Week 7 (10), Week 8
                           (0)

                        
                        

                     
                     
                     	
                        
                        
                        Scheduled receipts: All weeks (0)

                        
                        

                     
                     
                     	
                        
                        
                        Projected available: Before Week 1 (100), Week 1 (100), Week
                           2 (90), Week 3 (90), Week 4 (0), Week 5 (0), Week 6 (0),
                           Week 7 (0), Week 8 (0)

                        
                        

                     
                     
                     	
                        
                        
                        Net requirements: Week 1 (0), Week 2 (0), Week 3 (0), Week 4
                           (30), Week 5 (20), Week 6 (10), Week 7 (10), Week 8 (0)

                        
                        

                     
                     
                     	
                        
                        
                        Planned order releases: Week 1 (0), Week 2 (0), Week 3 (0),
                           Week 4 (30), Week 5 (20), Week 6 (10), Week 7 (10), Week 8
                           (0)

                        
                        

                     
                     
                     	
                        
                        
                        Planned order releases: Week 1 (0), Week 2 (0), Week 3 (30),
                           Week 4 (20), Week 5 (10), Week 6 (10), Week 7 (0), Week 8
                           (0)

                        
                        

                     
                     
                     	
                        
                        
                        On-hand balance due to canceled order: This annotation
                           is highlighted at the bottom left of the table and refers to
                           the initial projected available balance of 100 units due to
                           a canceled order.

                        
                        

                     
                     
                     	
                        
                        
                        Arrows: There are arrows showing the flow from
                           projected available to gross requirements and net
                           requirements.

                        
                        

                     
                     
                     	
                        
                        
                        Circled Values: Certain values in the table are
                           circled to highlight key points in the inventory planning
                           process:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Projected available: 100 units in Week 0 and 90 units
                                 in Week 2

                              
                              

                           
                           
                           	
                              
                              
                              Net requirements: 30 units in Week 4

                              
                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-77: Gross Requirements for Component C
[image: A table showing the gross requirements, net requirements, planned order receipts, and planned order releases for Item A, Component B, and Component C over an 8-week period. Go to long description for more details.]
                  
                  
                  Table Header

                  
                  
                  
                     
                     	
                        
                        Period: 1 to 8

                        

                     

                  Rows for Item A (L4L, lead time = 2)
                     
                     	
                        
                        Gross requirements Item A: Week 1 (10), Week 2 (0),
                           Week 3 (0), Week 4 (10), Week 5 (100), Week 6 (10), Week 7
                           (0), Week 8 (10)

                        

                     
                     
                     	
                        
                        Net requirements: Week 1 (10), Week 2 (0), Week 3
                           (0), Week 4 (10), Week 5 (100), Week 6 (10), Week 7 (0),
                           Week 8 (10)

                        

                     
                     
                     	
                        
                        Planned order receipts: Week 1 (10), Week 2 (0), Week
                           3 (0), Week 4 (10), Week 5 (100), Week 6 (10), Week 7 (0),
                           Week 8 (10)

                        

                     
                     
                     	
                        
                        Planned order releases (boxes with values are
                              shaded): Week 1 (0), Week 2 (10), Week 3 (0), Week 4
                           (100), Week 5 (0), Week 6 (10), Week 7 (0), Week 8 (0)

                        

                     

                  Rows for Component B requirements (Lot size = LFT, Lead time
                     = 1)
                  
                  
                  
                     
                     	
                        
                        Gross requirements: Week 1 (0), Week 2 (10), Week 3 (0),
                           Week 4 (120), Week 5 (20), Week 6 (10), Week 7 (10), Week 8
                           (0)

                        

                     
                     
                     	
                        
                        Scheduled receipts: All weeks (0)

                        

                     
                     
                     	
                        
                        Projected available: Before Week 1 (100), Week 1 (100),
                           Week 2 (90), Week 3 (90), Week 4 (0), Week 5 (0), Week 6 (0),
                           Week 7 (0), Week 8 (0)

                        

                     
                     
                     	
                        
                        Net requirements: Week 1 (0), Week 2 (0), Week 3 (0),
                           Week 4 (30), Week 5 (20), Week 6 (10), Week 7 (10), Week 8
                           (0)

                        

                     
                     
                     	
                        
                        Planned order receipts: Week 1 (0), Week 2 (0), Week 3
                           (0), Week 4 (30), Week 5 (20), Week 6 (10), Week 7 (10), Week 8
                           (0)

                        

                     
                     
                     	
                        
                        Planned order releases (boxes with values are shaded):
                           Week 1 (0), Week 2 (0), Week 3 (30), Week 4 (20), Week 5 (10),
                           Week 6 (10), Week 7 (0), Week 8 (0)

                        

                     

                  
                  
                  
                  Rows for Component C

                  
                  
                  
                     
                     	
                        
                        From item A P/O at 2 per: Week 1 (0), Week 2 (2),
                           Week 3 (0), Week 4 (200), Week 5 (0), Week 6 (20), Week 7
                           (0), Week 8 (0)

                        

                     
                     
                     	
                        
                        From component B P/O at 2 per: Week 1 (0), Week 2
                           (0), Week 3 (60), Week 4 (40), Week 5 (20), Week 6 (20),
                           Week 7 (0), Week 8 (0)

                        

                     
                     
                     	
                        
                        Service part demand: All weeks (0)

                        

                     
                     
                     	
                        
                        Gross requirements for Component C: Week 1 (10), Week
                           2 (30), Week 3 (70), Week 4 (250), Week 5 (30), Week 6 (50),
                           Week 7 (10), Week 8 (10)

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-78: Gross-to-Net Requirements for Component C
[image: A table illustrating the material requirements planning (MRP) for Component C with a lot size of 150, safety stock of 15, and lead time of 2 weeks. Read long description below.]
                  
                  
                  The table presents the planning details for
                     Component C over an 8-week period, including gross requirements,
                     scheduled receipts, projected available, net requirements, planned
                     order receipts, and planned order releases.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Gross requirements: Week 1 (10), Week 2 (30), Week 3
                           (70), Week 4 (250), Week 5 (30), Week 6 (50), Week 7 (10),
                           Week 8 (10)

                        
                        

                     
                     
                     	
                        
                        Scheduled receipts: All weeks (0)

                        

                     
                     
                     	
                        
                        Projected available: Before week 1 (120), Week 1 (110),
                           Week 2 (80), Week 3 (160), Week 4 (60), Week 5 (30), Week 6
                           (130), Week 7 (120), Week 8 (110)

                        

                     
                     
                     	
                        
                        Net requirements: Week 1 (0), Week 2 (0), Week 3 (5),
                           Week 4 (105), Week 5 (0), Week 6 (35), Week 7 (0), Week 8
                           (0)

                        

                     
                     
                     	
                        
                        Planned order receipts: Week 1 (0), Week 2 (0), Week 3
                           (150), Week 4 (150), Week 5 (00), Week 6 (150), Week 7 (0), Week
                           8 (0)

                        

                     
                     
                     	
                        
                        Planned order releases: Week 1 (150), Week 2 (150), Week
                           3 (0), Week 4 (150), Week 5 (0), Week 6 (0), Week 7 (0), Week 8
                           (0)

                        

                     
                     
                     	
                        
                        
                        Circles highlight critical data points, including the lot
                           size (150), safety stock (15), gross requirements (70 in
                           week 3), projected available (80 in week 2), net
                           requirements (5 in week 3), and planned order receipts (150
                           in week 3).

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-79: Incomplete MRP Grid
[image: A table titled “Incomplete MRP Grid.” Go to long description for more details.]
                  
                  
                  Table showing MRP data for Part 221 with a 2-week lead
                     time and Lot for Lot (L4L) order size. The columns represent Weeks 0
                     through 9. The rows detail Gross Requirements, Scheduled Receipts,
                     Projected Available inventory, Net Requirements, Planned Order Receipts,
                     and Planned Order Releases. Week 0 starts with a Projected Available
                     inventory of 10 units. Gross Requirements start at Week 5, with 20 units
                     each for Weeks 5, 6, and 8.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-80: Completed MRP Grid
[image: A table titled “Completed MRP Grid.” Go to long description for more details.]
                  
                  
                  Table showing the Material Requirements Planning (MRP)
                     data for Part 221 with a lead time of 2 weeks and a Lot-for-Lot (L4L)
                     order size. The columns represent Weeks 0 through 9. Week 0 starts with
                     a Projected Available inventory of 10 units. Gross Requirements start at
                     Week 5, with 20 units each for Weeks 5, 6, and 8. The Projected
                     Available inventory adjusts to 0 in Week 5. Net Requirements and Planned
                     Order Receipts are 10 units in Week 5, and 20 units each in Weeks 6 and
                     8. Planned Order Releases are scheduled 2 weeks prior to meet lead time
                     requirements (10 units in Week 3 and 20 units each in Weeks 4 and
                     6.)

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-81: Manufacturing Planning and Control
[image: This diagram represents the integration of demand-side activities, strategic and business planning, priority planning, supply-side activities, and production activity control in a manufacturing environment. Go to long description for more details.]
                  
                  
                  The flowchart includes:

                  
                  
                  
                  
                     
                     	
                        
                        Demand-Side Activities: Forecasting, Demand Management, and
                           Distribution Requirements Planning (DRP)

                        

                     
                     
                     	
                        
                        Strategic and Business Planning

                        

                     
                     
                     	
                        
                        Priority Planning: Sales and Operations Planning (S&OP) -
                           Production Plan; Master Scheduling (MS) - Master Production Schedule
                           (MPS); Material Requirements Planning (MRP) - Materials Requirements
                           Plan

                        

                     
                     
                     	
                        
                        Supply-Side Activities: Capacity Planning includes Resource
                           Planning (RP), Rough-Cut Capacity Planning (RCCP), and Capacity
                           Requirements Planning (CRP)

                        

                     
                     
                     	
                        
                        Purchasing

                        

                     
                     
                     	
                        
                        Production Activity Control (PAC): Scheduling, Implementation,
                           and Capacity Control

                        

                     

                  
                  
                  
                  The flow of information between these sections is depicted by arrows, showing
                     how data moves from one planning stage to another, ensuring synchronization
                     across the entire manufacturing process. The chart captures the complexity
                     and interconnectedness of manufacturing planning activities, emphasizing the
                     need for coordinated efforts across various functions to meet production
                     goals effectively.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-83: Capacity as Planned
[image: A table showing the capacity requirements planning for two machines, X and Y, over one day, with calculations for starting available capacity, required load, net remaining hours, and sufficient capacity status. Go to long description for more details.]
                  
                  
                  That table evaluates the capacity requirements for
                     two machines, X and Y, over one day. Parts 1 and 2 for both machines
                     both require 4 hours each, totaling 8 hours in a day. 

                  
                  
                  
                  
                     
                     	
                        
                        
                        Column A: Starting available capacity hours (8 hours
                           for both machines)

                        
                        

                     
                     
                     	
                        
                        
                        Column B: Required load hours (8 hours for both
                           machines)

                        
                        

                     
                     
                     	
                        
                        
                        Column C: Net remaining hours (0 hours for both
                           machines, calculated as C = A - B)

                        
                        

                     
                     
                     	
                        
                        
                        Last column: Sufficient capacity status (both marked
                           as OK, determined as C being greater than or equal to 0)

                        
                        

                     

                  
                  
                  
                  Each machine has 8 starting available capacity hours, requires 8
                     hours of load (4 hours for Part 1 and 4 hours for Part 2), resulting
                     in 0 net remaining hours, indicating sufficient capacity.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-84: Capacity as Executed
[image: A table showing the scheduling and load of two machines, X and Y, over two days, with visual indicators for idle, late, and on-schedule statuses. Read long description below.]
                  
                  
                  The table depicts the load scheduling for two
                     machines, X and Y, over a span of two days. Each machine’s work is
                     broken down into parts, and there are visual indicators to show the
                     status of the machine’s load.

                  
                  
                  
                  
                     
                     	
                        
                        Machine X: Part 1 requires 4 hours in Day 1; Part 2
                           requires 4 hours in Day 1. Both are indicated as on schedule per
                           planning period with completion in 8 hours on Day 1.

                        

                     
                     
                     	
                        
                        Machine Y: The first box is shaded to indicate Idle
                           status in the first half of Day 1; Part 1 then requires 4 hours
                           in the second half of Day 1 and is indicated as on schedule;
                           Part 2 requires 4 hours on Day 2 and is indicated as Late.

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-86: MRP-Based Scheduling is Part of PAC
[image: This diagram represents the integration of demand-side activities, strategic and business planning, priority planning, supply-side activities, and production activity control in a manufacturing environment. Go to long description for more details.]
                  
                  
                  
                     
                     	
                        
                        
                        Demand-Side Activities:

                        
                        
                        
                        
                           
                           	
                              
                              Distribution Requirements Planning (DRP): Positioned at
                                 the bottom, showing the flow of orders from distribution centers
                                 (DCs) upwards.

                              

                           
                           
                           	
                              
                              Demand Management: Situated above DRP, managing the
                                 balance between customer demand and supply.

                              

                           
                           
                           	
                              
                              Forecasting: At the top, predicting future customer
                                 demand.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Strategic and Business Planning:

                        
                        
                        
                        
                           
                           	
                              
                              Central block in the diagram, indicating the high-level planning
                                 that guides the organization’s overall direction.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Priority Planning:

                        
                        
                        
                        
                           
                           	
                              
                              Sales and Operations Planning (S&OP): First block
                                 under priority planning, showing the creation of the production
                                 plan at an aggregate level (family).

                              

                           
                           
                           	
                              
                              Master Scheduling (MS): Middle block, detailing the
                                 development of the master production schedule (MPS) at a unit
                                 level.

                              

                           
                           
                           	
                              
                              Material Requirements Planning (MRP): Final block,
                                 planning the specific materials needed for production.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Supply-Side Activities:

                        
                        
                        
                        
                           
                           	
                              
                              Resource Planning (RP): First block under capacity
                                 planning, allocating overall resources.

                              

                           
                           
                           	
                              
                              Rough-Cut Capacity Planning (RCCP): Middle block,
                                 ensuring that capacity aligns with the master production
                                 schedule.

                              

                           
                           
                           	
                              
                              Capacity Requirements Planning (CRP): Final block,
                                 confirming that capacity meets the needs outlined in the
                                 material requirements plan.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Production Activity Control (PAC):

                        
                        
                        
                        
                           
                           	
                              
                              Positioned at the bottom of the diagram.

                              

                           
                           
                           	
                              
                              Scheduling: Plans the detailed production
                                 activities.

                              

                           
                           
                           	
                              
                              Implementation: Executes the production schedule.

                              

                           
                           
                           	
                              
                              Capacity Control: Monitors and adjusts production
                                 capacity as needed.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Purchasing:

                        
                        
                        
                        
                           
                           	
                              
                              Shown at the bottom center, this block is responsible for
                                 acquiring the materials and services required for
                                 production.

                              

                           

                        
                        

                     

                  
                  
                  
                  Arrows indicate the flow of information and orders between these various
                     components, illustrating how they interconnect and contribute to the overall
                     manufacturing process. The left side of the diagram primarily deals with
                     demand forecasting and management, the center with strategic and operational
                     planning, and the right side with capacity planning and control
                     activities.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-87: MRP and CRP Interfaces
[image: A flowchart showing the relationship between detailed capacity planning, detailed material planning, and the execution of material plans. Read long description below.]
                  
                  
                  
                     
                     	
                        
                        
                        Box labeled "Detailed capacity planning" with arrows pointing to
                           and from "Detailed material and capacity plans."

                        
                        

                     
                     
                     	
                        
                        
                        Box labeled "Detailed material planning" with arrows pointing to
                           and from "Detailed material and capacity plans."

                        
                        

                     
                     
                     	
                        
                        
                        Box labeled "Detailed material and capacity plans" with arrows
                           pointing towards "Purchasing" and "Production activity control
                           order release."

                        
                        

                     
                     
                     	
                        
                        
                        On the right: Box labeled "Purchasing" with a downward arrow to
                           "Vendor scheduling."

                        
                        

                     
                     
                     	
                        
                        
                        On the left: Box labeled "Production activity control order
                           release" with a downward arrow to "Shop floor scheduling and
                           control."

                        
                        

                     
                     
                     	
                        
                        
                        The boxes labeled “Shop flooor scheduling and control” and
                           “Vendor scheduling” appear within a shaded area labeled
                           “Execution of material plans.” Both of these feed back into
                           “Detailed material and capacity plans.”

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-88: Infinite versus Finite Loading
[image: Two bar graphs showing the load profiles for work center 200 (including all products) comparing infinite load capacity profile (CRP) and finite load capacity profile. Go to long description for more details.]
                  
                  
                  
                     
                     	
                        
                        
                        Top Graph: Infinite Load Capacity Profile (CRP):

                        
                        
                        
                        
                           
                           	
                              
                              
                              Y-axis labeled "Hours" with a range from 0 to 100.

                              
                              

                           
                           
                           	
                              
                              
                              X-axis labeled "Weeks" with weeks 1 to 5.

                              
                              

                           
                           
                           	
                              
                              
                              Bars represent the load in hours for released orders for each week, unless
                                 otherwise noted:

                              
                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Week 1: 45 hours

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Week 2: 40 hours (with a shaded part indicating additional 20 hours for
                                       planned orders)

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Week 3: 80 hours

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Week 4: 90 hours

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Week 5: 60 hours (with a shaded part indicating additional 25 hours for
                                       planned orders)

                                    
                                    

                                 

                              
                              

                           
                           
                           	
                              
                              
                              A horizontal line across the bars at 60 hours indicating the capacity
                                 limit.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Bottom Graph: Finite Load Capacity Profile

                        
                        
                        
                        
                           
                           	
                              
                              
                              Y-axis labeled "Hours" with a range from 0 to 60.

                              
                              

                           
                           
                           	
                              
                              
                              X-axis labeled "Weeks" with weeks 1 to 5.

                              
                              

                           
                           
                           	
                              
                              
                              Bars represent the load in hours for released orders for each week, unless
                                 otherwise noted:

                              
                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Week 1: 50 hours

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Week 2: 45 hours (with a shaded part indicating additional 15 hours for
                                       planned orders)

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Week 3: 60 hours

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Week 4: 60 hours

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Week 5: 60 hours

                                    
                                    

                                 

                              
                              

                           
                           
                           	
                              
                              
                              A horizontal line across the bars at 60 hours indicating the capacity
                                 limit.

                              
                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-91: Authorizing Production
[image: A flowchart outlining the process for order review and release. Go to long description for more details.]
                  
                  
                  
                     
                     	
                        
                        
                        Review Order:

                        
                        
                        
                        
                           
                           	
                              
                              The initial step in the process.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Verify Materials and Tooling Available:

                        
                        
                        
                        
                           
                           	
                              
                              This step checks if the necessary materials and tooling are
                                 available.

                              

                           
                           
                           	
                              
                              Connected to a decision point labeled "OK?".

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Decision Point: OK?

                        
                        
                        
                        
                           
                           	
                              
                              If "Yes":

                              
                              
                              
                                 
                                 	
                                    
                                    Proceed to "Verify capacity requirements and work center
                                       availability".

                                    

                                 

                              

                           
                           
                           	
                              
                              If "No":

                              
                              
                              
                                 
                                 	
                                    
                                    Proceed to "Resolve".

                                    

                                 

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Resolve:

                        
                        
                        
                        
                           
                           	
                              
                              This step resolves any issues with materials and tooling
                                 availability.

                              

                           
                           
                           	
                              
                              After resolving, it loops back to "Verify materials and tooling
                                 available".

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Verify Capacity Requirements and Work Center Availability:

                        
                        
                        
                        
                           
                           	
                              
                              Checks if the capacity requirements and work center availability
                                 are met.

                              

                           
                           
                           	
                              
                              Connected to a decision point labeled "OK?".

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Decision Point: OK?

                        
                        
                        
                        
                           
                           	
                              
                              If "Yes":

                              
                              
                              
                                 
                                 	
                                    
                                    Proceed to "Release order".

                                    

                                 

                              

                           
                           
                           	
                              
                              If "No":

                              
                              
                              
                                 
                                 	
                                    
                                    Proceed to "Adjust capacity or reschedule".

                                    

                                 

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Adjust Capacity or Reschedule:

                        
                        
                        
                        
                           
                           	
                              
                              This step adjusts the capacity or reschedules the order.

                              

                           
                           
                           	
                              
                              After adjusting, it loops back to "Verify capacity requirements
                                 and work center availability".

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Release Order:

                        
                        
                        
                        
                           
                           	
                              
                              The final step in the process where the order is released.

                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-93: FAS Process Steps
[image: A flowchart showing five steps in the final assembly scheduling process. Go to long description for more details.]
                  
                  
                  
                     
                     	
                        
                        
                        Step 1: Collect Order Specifications: Customer requirements
                           for the end item are collected, including options selected.

                        
                        

                     
                     
                     	
                        
                        
                        Step 2: Determine Capacity Required: Check availability of the
                           required capacity.

                        
                        

                     
                     
                     	
                        
                        
                        Step 3: Determine Components: Identify subassemblies and parts
                           from inventory.

                        
                        

                     
                     
                     	
                        
                        
                        Step 4: Develop FAS: Establish the sequence of operations,
                           either forward or backward scheduling.

                        
                        

                     
                     
                     	
                        
                        
                        Step 5: Link FAS to MPS: Linking is optional.

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-95: Sales Increase Versus Cost Reduction Scenarios
[image: A table titled “Sales Increase Versus Cost Reduction Scenarios.” Go to long description for more details.]
                  
                  
                  The table provides the “As Is” results of $10,000 in
                     revenue and a gross profit margin of 10%. The table also presents two
                     "To Be" scenarios: a 10% increase in sales to 1,100 units, which
                     increases revenue to $11,000 and the gross profit margin to 13%, and a
                     10% reduction in direct materials cost to $4.50 per unit while
                     maintaining the same sales volume of 1,000 units, which results in a
                     gross profit margin of 15%. 

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-99: Supply Risk v. Profit Impact
[image: A 2x2 matrix categorizing items based on supply risk (vertical axis) and profit impact (horizontal axis). The four categories are Bottleneck items, Strategic items, Noncritical items, and Leverage items. Go to long description for more details.]
                  
                  
                  
                     
                     	
                        
                        
                        Top-left (Bottleneck items, high supply risk, low profit
                              impact):

                        
                        
                        
                        
                           
                           	
                              
                              Suppliers have strong bargaining power.

                              

                           
                           
                           	
                              
                              Potential for disruption of production.

                              

                           
                           
                           	
                              
                              Focus on reliable but low-cost sources.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Top-right (Strategic items, high supply risk, high profit
                              impact):

                        
                        
                        
                        
                           
                           	
                              
                              There are one or few suppliers.

                              

                           
                           
                           	
                              
                              There is a highest impact on value to the customer.

                              

                           
                           
                           	
                              
                              Price is a large percentage of total system and product
                                 cost.

                              

                           
                           
                           	
                              
                              Long-term purchasing under centralized control.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Bottom-left (Noncritical items, low supply risk, low profit
                              impact):

                        
                        
                        
                        
                           
                           	
                              
                              Suppliers’ relative bargaining power is not strong.

                              

                           
                           
                           	
                              
                              Spot purchasing.

                              

                           
                           
                           	
                              
                              More likely to be under local control.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Bottom-right (Leverage items, low supply risk, high profit
                              impact):

                        
                        
                        
                        
                           
                           	
                              
                              There are many suppliers.

                              

                           
                           
                           	
                              
                              Supplier competition is ample.

                              

                           
                           
                           	
                              
                              A small percentage of cost savings over a broad base of items
                                 can have a large impact on profitability.

                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-100: Strategic Sourcing Process
[image: A flowchart illustrating the process of developing and executing a sourcing strategy. The flowchart has four main sections arranged vertically with arrows indicating the sequence: Internal Analysis, External Analysis, Strategy Formulation, and Strategy Execution. Go to long description for more details.]
                  
                  
                  
                     
                     	
                        
                        
                        Internal Analysis: Item use characteristics; True supply
                           cost

                        
                        

                     
                     
                     	
                        
                        
                        External Analysis: Supply risk; Supplier competitive
                           forces

                        
                        

                     
                     
                     	
                        
                        
                        Strategy Formulation: Relationship goals; Selection
                           criteria and process; Type of sourcing

                        
                        

                     
                     
                     	
                        
                        
                        Strategy Execution: Supplier selection; Contract
                           finalization; Contract monitoring; Relationship evaluation

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-111: MRP Grid Before Replanning
[image: A table titled “MRP Before Replanning.” Go to long description for more details.]
                  
                  
                  The table displays the material requirements planning
                     (MRP) data for part number 221 with a lead time of 2 weeks and a lot size of
                     lot-for-lot (L4L). The table is organized by week (0 to 9) and includes
                     columns for gross requirements, scheduled receipts, projected available
                     inventory, net requirements, planned order receipts, and planned order
                     releases. Initially, there are 10 units available. The table shows how
                     inventory levels, requirements, and planned orders are managed over the
                     9-week period to meet the gross requirements while considering scheduled
                     receipts and available inventory.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-114: NPI Frequency Versus Demand Uncertainty
[image: A matrix diagram with demand uncertainty on the y-axis and NPI frequency on the x-axis. The matrix is divided into four quadrants: Unstable demand, low clockspeed; Unstable demand, high clockspeed; Stable demand, low clockspeed; and Stable demand, high clockspeed. Go to long description for more details.]
                  
                  
                  This matrix helps in understanding the suitable design
                     and manufacturing strategies based on varying demand uncertainties and
                     product introduction frequencies. Each quadrant contains descriptions of
                     design and manufacturing strategies, and examples of applicable
                     products:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Unstable demand, low clockspeed:

                        
                        
                        
                        
                           
                           	
                              
                              Design: Integral design.

                              

                           
                           
                           	
                              
                              Manufacturing: Push-pull manufacturing.

                              

                           
                           
                           	
                              
                              Examples:

                              
                              
                              
                              
                                 
                                 	
                                    
                                    Industrial goods with few buyers but high
                                       margins.

                                    

                                 
                                 
                                 	
                                    
                                    Fertilizers and pesticides.

                                    

                                 
                                 
                                 	
                                    
                                    High grade furniture.

                                    

                                 

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Unstable demand, high clockspeed:

                        
                        
                        
                        
                           
                           	
                              
                              Design: Modular design.

                              

                           
                           
                           	
                              
                              Manufacturing: Pull manufacturing.

                              

                           
                           
                           	
                              
                              Additional Strategy: Responsiveness, such as short
                                 lead times, excess capacity, and market pricing.

                              

                           
                           
                           	
                              
                              Examples:

                              
                              
                              
                              
                                 
                                 	
                                    
                                    Fast fashion.

                                    

                                 
                                 
                                 	
                                    
                                    Cell phones.

                                    

                                 

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Stable demand, low clockspeed:

                        
                        
                        
                        
                           
                           	
                              
                              Design: Integral design.

                              

                           
                           
                           	
                              
                              Manufacturing: Push manufacturing.

                              

                           
                           
                           	
                              
                              Additional Strategy: Efficient supply chain, high
                                 inventory turnover.

                              

                           
                           
                           	
                              
                              Examples:

                              
                              
                              
                              
                                 
                                 	
                                    
                                    Consumer staples.

                                    

                                 
                                 
                                 	
                                    
                                    Industrial commodities.

                                    

                                 

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Stable demand, high clockspeed:

                        
                        
                        
                        
                           
                           	
                              
                              Design: Modular design.

                              

                           
                           
                           	
                              
                              Manufacturing: Push manufacturing.

                              

                           
                           
                           	
                              
                              Additional Strategy: Efficient supply chain.

                              

                           
                           
                           	
                              
                              Examples:

                              
                              
                              
                                 
                                 	
                                    
                                    Technology components used by many different
                                       manufacturers (e.g., cell phone cameras).

                                    

                                 

                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.
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Family A: In-Stock All-Glass Vandalproof Commercial Doors

Product: In-Stock Double (ISD) Part Number: 100
Description: Vandalproof glass double doors, silver trim
Part Number Description Quantity Units
» 202 Door, Family A 2 Each
» 701 Vandalproof glass, 0.8m x 1.2m 2 Each
656 Glass, 0.8m x 1Tm x 0.0005m 2 Each
961 Polycarbonate, recycled 0.0024 Tons
962 Polycarbonate, virgin 0.0012 Tons
A670 Top frame, silver 1 Each
A113 Bottom frame, silver 1 Each
A 808 Center frame, silver 1 Each
A754 Side frame, silver 2 Each
232 Molding, gray 8 Meters
799 Caulk, silicone, clear 10 Meters
A422 Handle and crashbar, silver 2 Kit
A 323 Lockset 2 Kit
A735 Door frame, double, silver 1 Each
A 682 Hydraulic closer, silver 2 Each
A 502 Hardware Kit 1 Kit
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Ending Projected Available Balance (PAB)
= Beginning PAB + Scheduled MPS Receipt — Demand (Orders or Forecast)
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ATP perioa1 = On-Hand Quantity + MPS — 2 Customer Orders gefore Next MPS





images/CPIMgraphic1c-t02-15.PNG
Master Schedule: Make-to-stock Chase Production Example

Beginning inventory = 70 units Lot size = 100 units
Week 0o 1 2 3 4 5 &6
Forecast 50 60 70 9 70 20

Projected Available Balance 70 20 60 90 0 30 10
Master Production Schedule 100 100 100
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Family A: Vandalproof Commercial Doors, In-Stock All-Glass
Month o 1 2 3 4 5 6 7 8 9 10 11 12SUM

Sales Plan 460 450 410 350 320 280 250 190 150 180 270 410| 3,720
Production (Leveled) 300 300 300 300 300 300 300 300 300 300 300 300| 3,600
Ending Inventory 520 360 210 100 50 30 50 100 210 360 480 510 400
Average Inventory 440 285 155 75 40 40 75 155 285 420 495 455
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Lead

time Lot Week

Part (weeks) size MRP o 1 2 3 4 5 6 7 8 9 10 11 12 13
Gross requirements 57 101 114 86 102 142 72 88 140 72 118 126 71
Scheduled receipts 100 100

202 Projected available 130 173 172 58 72 70 28 56 68 28 56 38 12 41
Net requirements 28 30 72 44 32 72 44 62 88 59
Planned order receipt 100 100 100 100 100 100 100 100 100 100

2 100 Planned order release 100 100 100 100 100 100 100 100 100 100
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Families A, B & C: Vandalproof Glass Commercial Doors

Week 1

Polycarbonate, Labor Load 23 Load
Week 1 Recycled (tons) (standard (standard
Product MPS Rate Load Rate hours) Rate hours)
Family A: In-Stock All-Glass
In-Stock Single (ISS) 57 0.0024 0.1368 22 1254 0.4 22.8
In-Stock Double (ISD) 0 0.0048 O 4.4 0 0.8 0
Family B: Custom All-Glass
B Single 0 0.0025 O 2.6 0 0.5 0
B Double 20 0.0051 0.102 52 104.0 0.9 18
Family C: Custom Small Window
C Single 0 0.0003 O 1.8 0 0.1 0
C Double 50 0.0015 0.075 3.6 180.0 0.3 15
SUM 0.3138 409.4 55.8






images/CPIMgraphic2-2c-t02-21.png
Establish sequence of
operations: forward or
backward schedule

STEP3

Linking

is optional STEPS5

Link FAS to MPS.

STEP4

Develop FAS. ’

Check M

Determine components.

—

availabilty ~ STEP 2

Determine capacity required. ’

STEP 1

Collect order specifications.

Subassemblies and
parts from inventory

€¢—— Customer requirements for
end item: options selected






images/CSCPgraphic22-03.png
High 4

| 4

Unstable demand,
low clockspeed

Integral design
Push-pull manufacturing

Examples:

* Industrial goods with few
buyers but high margins

» Fertilizers and pesticides

» High grade furniture

Unstable demand,
high clockspeed

Modular design
Pull manufacturing

Responsiveness: e.g., short
lead times, excess capacity,
and market pricing

Examples:
» Fast fashion
» Cell phones

Demand uncertainty

Stable demand,
low clockspeed
Integral design
Push manufacturing
Efficient supply chain
High inventory turnover

Examples:
» Consumer staples
* Industrial commodities

Stable demand,
high clockspeed
Modular design
Push manufacturing
Efficient supply chain

Example:

» Technology components
used by many different
manufacturers (e.g., cell
phone cameras)

Low

NPI frequency

| 4
High





images/CPIMgraphic2-3b-t03-08a.png
Lead

time Lot Week
Part (weeks) size MRP o 1 2 3 4 5 6 7 8 9
Gross requirements 20 20 20
Scheduled receipts
Projected available 10

221 Net requirements

Planned order receipt
2 L4L Planned order release






images/4-e-t03_3_-_contracts_and_contract_negotiations_07_id176QB0M094W_mathml_156_width_291.png





images/CPIMgraphic1d-t02-02.PNG
Family A: In-Stock All-Glass Vandalproof Commercial Doors

Product: In-Stock Double (ISD) Part Number: 100
Description: Vandalproof glass double doors, silver trim

Part Number Description Quantity Units
202 Door, Family A 2 Each
422 Handle and crashbar, silver 2 Kit
323 Lockset 2 Kit
735 Door frame, double, silver 1 Each
682 Hydraulic closer, silver 2 Each
502 Hardware Kit 1 Kit
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Price per Unit x Number of Units Sold = Fixed Cost + (Variable Costs per Unit X Number of Units)
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Frozen zone Slushy zone Liquid zone

Period 1 2 3 4 5 6 7 8 9 10
Forecast 20 22 21 25 24 23 21 21 25 25
Customer orders 19 17 15 11 9 5 2 1 0 0
Projected available balance (PAB)‘ 50 | 3 14 49 24 0 27 6 35 10 35
Available-to-promise (ATP) 14 15 43 49
Master production schedule (MPS) 50 50 50 50
< o~
Demand Time Planning Time

Fence Fence
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O Units + 100 Units — 70 Units = 39 Units
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Ending Projected Available Balance (PAB) After Demand Time Fence
= Prior Period PAB + Scheduled MPS Receipt

— Greater of Customer Orders or Forecast
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Discrete ATPperiog3 = 50 Units — (15 Units + 11 Units) = 24 Units
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Cumulative ATP With Look-Ahead periogz = 14 + 50 — 15 — 11 = 38 Units
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Units — 66 Units = 56 Units
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Machine Part 1 Part 2
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Projected Available = Prior Projected Available +

Scheduled Receipts + Planned Order Receipts — Gross Requirements
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Family A: Vandalproof Commercial Doors, In-Stock All-Glass Batch: 100 1/1-3/31
Master Schedules 0o 1 2 3 4 5 6 7 8 9 10 11 12 13 sSuMm
Days in Week 4 5 4 5 5 5 5 4 5 5 5 5 5 62
Weekly Leveled Production 57 72 57 72 72 72 72 57 72 72 72 72 72| 889
In-Stock Single (ISS) Forecast 50 70 70 60 70 60 60 70 40 70 50 40 30| 740

ISS Projected Available 310 317 290 220 218 190 132 144 100 62 64 40 18 59
ISS MPS 57 43 58 42 2 72 26 2 72 26 18 71| 489
In-Stock Double (ISD) Forecast 50 40 60 40 50 60 50 40 50 30 30 40 40| 580

ISD Projected Available 210 160 149 146 120 100 110 60 51 70 40 56 70 30
ISD MPS 29 57 14 30 70 31 69 46 54 400
Forecast SUM 100 110 130 100 120 120 110 110 90 100 80 80 70| 1,320

Projected Available SUM 520 477 439 366 338 290 242 204 151 132 104 96 88 89
Production SUM 57 72 57 72 72 72 72 57 71 72 72 72 71 889
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Unit of Order Order Source ABC Lead Standard

Part# Description measure policy quantity code code time cost
10564 gear EA FOQ 50 M B 3 108.44
housing A Planning factors J
Prime Planner/  Last Last Last YTD MTD
location Drawing Revision buyer cycle receipt issue usage usage
12C3 10564B F1 D 03/22 04/01 04/06 190 23
Status data \ /
On han(d Alloézvations Availab?ogjr:zr S;?cf)?:tlf ;(i:rtz:ﬂ Transaction history
and usage data
17 7 10 22 0 .10
Transaction history: ¢=
Date Reference Initials Receipts Issues Adjust Stores Location Balance
03/13 M1056 VXS 49 S2 12C3 52
03/20 A357 MOM 15 S2 12C3 37
03/22 c87 REC -1 S2 12C3 36
03/27 A412 MOM 22 S2 12C3 14
04/01 M1103 VXS 26 S2 12C3 40

04/06 A415 MOM 23 82 12C3 17
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- 13
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Cumulative ATP Without Look-Ahead next MPS Period =
Previous Cumulative ATP + MPS — Customer Orders cyrrent Period Only
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Week 2 = 20Units + 0 Units — 60 Units = 40 Units
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Ending Projected Available Balance (PAB) Before Demand Time Fence
= Prior Period PAB + Scheduled MPS Receipt — Customer Orders
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Master Schedule: Make-to-stock Chase Production Example

Beginning inventory = 70 units Lot size = 100 units
Week 0 1 2 3 4 5
Forecast 50 60 70| 90 70 20
Customer Orders 48 66 57| 62 30 O
Projected Available Balance 70 22 56 99| 9 39 19
Master Production Schedule 100 100 100

12 13 14 15 16
20 200 20 20 20
0 0 0 0 O
99 79 59 39 19
100

Demand Time Fence

Plannin§ Time Fence
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Discrete ATPperiods with mps = MPS — 2 Customer Ordersgefore Next MPS
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Net Requirements = Gross Requirements —

Scheduled Receipts — Prior Period Projected Available
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Families A, B and C: Vandalproof Doors 1/1-3/31
Master Schedules 1 2 3 4 5 6 7 8 9 10 11 12 13 SUM

Family A (In Stock)

ISS MPS 57 43 58 42 2 72 26 2 72 26 18 71 489

ISD MPS 29 57 14 30 70 31 69 46 54 400
Family B (Custom)

B Single MPS 50 50 50 30 10 20 20 30 20 20 20 320

B Double MPS 20 20 20 30 40 20 10 20 40 20 10 250
Family C (Custom)

C Single MPS 30 20 20 20 30 20 30 20 20 40 50 300

C Double MPS 50 10 50 30 40 50 30 40 20 20 340

MPS SUM 127 172 127 172 172 172 172 127 171 172 172 172 171 2,099
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Lead

time Lot Week

Part (weeks) size MRP o 1 2 3 4 5 6 7 8 9
Gross requirements 20 20 20
Scheduled receipts

291 Projected available 10 10 10 10 10 0 O O O O
Net requirements 10 20 20
Planned order receipt 10 20 20

2 L4L Planned order release 10 20 20
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Part Lead Week
Number Time 1 2 3 4 5

A Planned Order Receipt
1 Planned Order Release 1

B Planned Order Receipt ZVX
1 Planned Order Release 2~

c Planned Order Receipt 4 \4 ()
2 Planned Order Release 4 4

D Planned Order Receipt }2(
1 Planned Order Release 2

E Planned Order Receipt (VS 4
2 Planned Order Release 8 4

F Planned Order Receipt \\ { 4
1 Planned Order Release 4 \

G Planned Order Receipt %16 \\‘6
2 Planned Order Release 16 6

H Planned Order Receipt M2
1 Planned Order Release 2

Offsetting C Source of exploded requirements
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Families A, B and C: Vandalproof Glass Commercial Doors

Polycarbonate, Labor Work Center

Recycled (standard 23 (standard

Product (tons) hours) hours)
Family A: In-Stock All-Glass 0.0036 3.3 0.6

In-Stock Single (ISS) 0.0024 2.2 04

In-Stock Double (ISD) 0.0048 4.4 0.8
Family B: Custom All-Glass 0.0038 3.9 0.7

B Single 0.0025 2.6 0.5

B Double 0.0051 5.2 0.9
Family C: Custom Small Window 0.0009 2.7 0.2

C Single 0.0003 1.8 0.1

C Double 0.0015 3.6 0.3
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Week4 = 99 Units + 0 Units — 90 Units = 9 Units
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Gross Requirements — Scheduled Receipts — Prior Projected Available
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Master Schedule: Make-to-stock Chase Production Example

6 ..

Beginning inventory = 70 units Lot size = 100 units
Week 0 1 2 3 4 5
Forecast 50 60 70 90 70 20
Customer Orders 48 66 57 62 30 O
Projected Available Balance 70 22 56 99 9 39 19
Master Production Schedule 100 100 100
Available-to-Promise 22 15 0 70

12 13 14 15 16
20 200 20 20 20
0 0 0 0 O
99 79 59 39 19
100
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Part G, Week 4, net requirements: 6 — 0 — 2 = 4
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[1]2]3]4]5]6]7]s8

Item A (L4L, lead time = 2):

Gross requirements Item A 10 100 10
Net requirements 10 100 10
Planned order receipts 10 100 10
Planned order releases 10 100 10
Component B requirements (Lot size = LFT, Lead time = 1):

Gross requirements 10 120 20| 10| 10
Scheduled receipts

Projected available ‘100 10090190 0| O | O] O

Net requirements 30(20| 10| 10
Planned order receipts 30(20| 10| 10
Planned order releases 30| 20| 10| 10
Component C

From item A P/O at 2 per 20 200 20

From component B P/O at 2 per 60 | 40 | 20 | 20

Service part demand 1010|1010 |10 | 10| 10| 10
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Master Schedule: Make-to-stock Chase Production Example

Beginning inventory = 70 units Lot size = 100 units
Week 0o 1 2 3 4 5 6
Forecast 50 60 70 90 70 20

Projected Available Balance 70 20 -40
Master Production Schedule
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Per Unit Asls To Be Scenarios

Asls -10% DM +10% Sales -10% DM
Units 1,000 1,100 1,000
Sales Price and Revenue $10 $10.00 $10,000 $11,000 $10,000
Direct Materials (DM) $5 $4.50 $5,000 $5,500 $4,500
Direct Labor (DL) $1 $1.00 $1,000 $1,100 $1,000
Overhead $3,000 $3,000 $3,000
Gross Profit $1,000 $1,400 $1,500

Gross Profit Margin

10%

13%

15%
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Action message: Reschedule MPS period 6 to period 5?

Frozen Zone Slushy Zone Liquid Zone
Period 1 2 3 4 5 6 7 8 9 10
Forecast 20 22 21 25 24 23 21 21 35 25
Customer orders (backlog) 19 17 15 11 9 5 2 1 0 0
Projected available balance (PAB) 50 31 14 49 24 0 27 6 35 50 25
Master production schedule (MPS) 50 50 50 50
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Part E, Week2:4 + 5+ 0—-0
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Family A: Vandalproof Commercial Doors, In-Stock All-Glass January 1 to March 31
Weekly Forecast by Product 1 2 3 4 5 6 7 8 9 10 11 12 13 SUM

In-Stock Single (ISS) 50 70 70 60 70 60 60 70 40 70 50 40 30| 740
In-Stock Double (ISD) 50 40 60 40 50 60 50 40 50 30 30 40 40| 580
SUM 100 110 130 100 120 120 110 110 90 100 80 80 70 1,320

Monthly SUMs (not exact) 440 460 420 1,320
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Part C, Week 5:4 — 0 — 3
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60 Units 4+ 100 Units — 70 Units = 90 Units
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PAB = Prior Period PAB or On-Hand Balance + MPS
— Greater of Production Forecast or Customer Orders
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Projected Available = Prior Period Projected Available + Scheduled Receipts +

Planned Order Receipts — Gross Requirements
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Frozen Zone Slushy Zone Liquid Zone
Period 1 2 3 4 5 6 7 8 9 10
Forecast 20 22 21 25 24 23 21 21 25 25
Customer orders (backlog) 19 17 15 11 9 5 2 1 0 0
Projected available balance (PAB) 50 31 14 49 24 50 27 6 35 10 35
Discrete ATP 14 24 34 49 50
Cumulative ATP with look-ahead 14 38 72 121 171
Cumulative ATP without look-ahead 14 49 90 139 189
Master production schedule (MPS) 50 50 50 50
— —
Demand Planning
Time Fence Time Fence

(management determined) (longest cumulative lead time)
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Part C, Week 3:7 + 0+ 0 — 4
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Master Schedule: Make-to-stock Chase Production Example

6..

Beginning inventory = 70 units Lot size = 100 units
Week 0 1 2 3 4 5
Forecast 50 60 70| 90 70 20
Customer Orders 48 66 57| 62 30 O
Projected Available Balance 70 22 56 99| 9 39 19
Master Production Schedule 100 100 100
Available-to-Promise 22 34 19 70

12 13 14 15 16
20 200 20 20 20
0O 0O o0 0 O
99 79 59 39 19
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Original MRP

Lead
time Lot Week
Part (weeks) size MRP 01 2 3 45 6 7 89
Gross requirements 20 20 20 20 20
Scheduled receipts 20 20
221 Projected available 1010 101010 0 0 0 O O
Net requirements 10 20 20
Planned order receipt 10 20 20

2 L4L Planned order release 10 20 20
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MPS for weeks 32 to 35, in units Revised MPS for weeks 32 to 35, in units
Work center 1226 | 32 33 | 34 | 35 | Total Work center 1226 | 32 | 33 | 34 | 35 | Total
Product 1 180 | 180 360 Product 1 161 | 161 | 38 360
Product 2 180 | 36 | 216 Product 2 142 | 74 | 216
Product 3 144 | 144 Product 3 144 | 144
Total 180 | 180 | 180 | 180 | 720 Total 161 | 161 | 180 | 218 | 720
RCCP report

Adjusted load and capacity: weeks 32 to 35, in hours per week

Work center 1226 | 32 34 35 Total

Standard hours 57.96 | 57.96 57.70 | 54.76 | 228.38

Capacity available | 58.25 | 58.25 58.25 | 58.25 | 233.00

Over (under) load | (.29) (.55) | (3.49) | (4.62)
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Iltem A Lot size = L4L

MPS

Lead time = 2 2 4 6 8
» Gross requirements 10 100 10
Scheduled receipts
Projected available 0 0 0 &~
Net requirements 10 100 10 Always 0
Planned order receipts 10 100 10 | because
Planned order releases 10 100 10 of L4l
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Time per Work Order = Setup Time + Run Time
Run Time = Quantity x Standard Time per Unit
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Period: 2 | 3|4|5|6 |78
Item A:

Gross requirements 10 100 10
Net requirements 10 100 10
Planned order receipts 10 100 10
Planned order releases 10 100 10

Item F: f

Gross requirements 20| 20 10
Net requirements }{ 20| 20 10
Planned order receipts “ 20| 20 10
Planned order releases ‘\ # 20| 20 10
Component B requirements: \

From item A P/O releases at 1 per 10 \ 100 10

From item F P/O releases at 1 per \ 20 | 20 10
Gross requirements for Component B 10 62(3 20|10 | 10
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Abbreviated bill

|
Automobile
Modules Level 1
| |
Common . Steering : . : L
Chassis Engine Drive train Transmission
parts column
CP1 - 100% CH1 - 60% SC1 - 20% EN1 - 20% DT1 - 50% TR1 - 10%
CH2 - 10% SC2 - 20% EN2 - 40% DT2 - 25% TR2 - 15%
CH3 - 30% SC3 - 15% EN3 - 20% DT3 - 25% TR3 - 40%
SC4 - 10% EN4 - 10% TR4 - 35%
SC5 - 10% ENS - 10%
SC6 - 10%
SC7 - 15%
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ATP periog1 = 50 + 0 — (19 + 17) = 14 Units
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Week 1 = 70Units + 0Units — 50 Units = 20 Units
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Part Week
Number Time 0 1 2 3 4 5
Gross Requirements 40 50 60 40 50
Scheduled Receipts 50
c Projected Available 40 0 0 40 0 0
Net Requirements 60 50
Planned Order Receipt 100 50

2 Planned Order Release

100 50F
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20 Units 4+ 100 Units — 60 Units = 60 Units
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Part E, Week 4, projected available:1 + 0 + 5 —4 = 2
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Part Lead Week
Number Time 2 3 4 5] 6
Gross Requirements 4 4
Scheduled Receipts 5
c Projected Available 7 3 3 1 1
Net Requirements 1 1
Planned Order Receipt
2 Planned Order Release
Gross Requirements 8 4
Scheduled Receipts 5
E Projected Available 9 1. 3 -3 -3
Net Requirements 3 3 3
Planned Order Receipt
2 Planned Order Release
Gross Requirements 16 6
Scheduled Receipts 5
G Projected Available 3 3 9 9 -9
Net Requirements 3 9 9 9
Planned Order Receipt
2 Planned Order Release
Gross Requirements 2
Scheduled Receipts
H Projected Available 1 1T -1 -1 A1

Net Requirements
Planned Order Receipt
Planned Order Release
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Supply risk
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» Suppliers have strong
bargaining power.

» Potential for disruption
of production.

» Focus on reliable but
low-cost sources.

Strategic items

» There are one or few suppliers.

* There is a highest impact on
value to the customer.

* Price is large percentage of
total system and product cost.

» Long-term purchasing under
centralized control.

Noncritical items

» Suppliers’ relative bargaining
power is not strong.

» Spot purchasing.

* More likely to be under local
control.
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* There are many suppliers.

» Supplier competition is ample.
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savings over a broad base of
items can have a large impact
on profitability.
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E Projected Available 9 1 2
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20 x X = 10,000 + (b x X)
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Demand variability
Projected vs. actual
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Requirements quantity shifts x
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Week Week
MRP 01 2 3 456 7 89 01 2 3 456 7 89
Gross requirements 20 20 @@ @ 20 20 20020 on
Scheduled receipts 20 20 20 20
Projected available 10 10 101010 0 0 O O OffJ 1010 1010 0 0 0 0 O O
Net requirements 235 12 10 20 20
Planned order receipt 2 35 12 10 20 20
Planned order release 2 35 12 10 20 20
Supplier or prior manufacturing step Supplier or production provides
provides X too few/many (e.g., scrap) orders X periods late/early

Week Week
MRP 01 2 3 45 6 8 9 01 2 3 45 6 7 8 9
Gross requirements 20 20 20 20 20 20 20 20 20 20
Scheduled receipts 20 OZO
Projected available 1012 8 8 8 0 0 0 0 10 10-101010 0 O 0 0
Net requirements 12 20 20 10 10 20 20
Planned order receipt 12 20 20 10 20 20
Planned order release 12 20 20 10 20 20
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