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         Module 2: Sales and Operations
            Planning

         
         
         
         
            
            
            This module includes the following
               sections.

            
            
            
            
               
               
               	
                  
                  
                  Section A,
                     “S&OP Purpose and Process,” examines why this tactical-level process is
                     needed to integrate the plans of all functions (sales, marketing,
                     development, manufacturing, sourcing, financial) into a single plan that
                     each function agrees to support. Basic concepts of synchronizing supply and
                     demand are covered. The section addresses various S&OP roles and
                     responsibilities.

                  
                  

               
               
               
               	
                  
                  
                  Section B,
                     “Aggregate Demand and Supply Plans,” reviews sources of demand and the
                     aggregate demand plan, and it then addresses the external supply base and
                     internal supply capabilities for the aggregate supply plan. Developing and
                     validating the production plan and resource planning and strategic buffers
                     are also covered.

                  
                  

               
               
               
               	
                  
                  
                  Section C,
                     “Reconciling S&OP Plans,” reviews various methods of balancing supply
                     and demand, including adjusting supply and demand. The section concludes
                     with a discussion of tradeoffs, alternatives, and risks of plans.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Section A: S&OP Purpose and Process

         
         
         
         
            
            
            
               After
                  completing this section, students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Describe the
                     principles of sales and operations planning (S&OP)

                  
                  

               
               
               
               	
                  
                  
                  Understand the role of the S&OP process in the
                     organization and in the planning and control hierarchy 

                  
                  

               
               
               
               	
                  
                  
                  Explain the
                     linkages between the functional S&OP plans and the organization’s
                     strategic plan and direction

                  
                  

               
               
               
               	
                  
                  
                  Identify the roles and responsibilities of various
                     departments and levels of management in the S&OP process 

                  
                  

               
               
               
               	
                  
                  
                  Identify the
                     planning horizon, product families, and the appropriate aggregation
                     level

                  
                  

               
               
               
               	
                  
                  
                  Implement the steps of the S&OP process 

                  
                  

               
               
               
               	
                  
                  
                  Understand and utilize the various inputs and outputs of
                     each of the S&OP steps.

                  
                  

               
               

            
            
            
            This section introduces supply and demand planning objectives,
               relationships with other processes, and other key concepts of S&OP. It also
               explores how to develop and validate the sales and operations plan to ensure that
               it
               is feasible and goes into how it is used to transform strategy into specific
               tactical objectives. The section then goes over the roles and responsibilities in
               S&OP as well as the steps in the process.

            
            

         
         
         
         
   
      
         
         
         
         S&OP
            Overview and Key Linkages

         
         
         
         
            
            
            We address sales and
               operations planning (S&OP) at an overview level here, including its
               principles and concepts. Then we discuss S&OP’s key linkages.

            
            

         
         
         
         
         
            
            
            S&OP Overview

            
            
            
            
               
               
               Sales and operations
                  planning is a set of processes to synchronize demand and supply, to integrate
                  financial planning and operational planning, and to link high-level strategic plans
                  with day-to-day operations. In this overview, we first define this process and
                  address the need for it and then address its principles and concepts.

               
               

            
            
            
            
               
               
               S&OP Defined

               
               
               
               
                  
                  
                  The ASCM Supply Chain
                        Dictionary defines sales and
                        operations planning (S&OP) as:

                  
                  
                  
                  
                     
                     A mid- to long-term supply chain planning practice that compares the demand plan with
                           inventory levels and production capacity and analyzes where any imbalances to the
                           plan might exist. The process integrates all the plans for the business (sales, marketing,
                           development, manufacturing, sourcing, and financial) and produces a high-level production
                           plan, covering a horizon sufficient to plan for resources and to support the annual
                           business planning process. S&OP is performed at least once a month and is reviewed
                           by management at an aggregate (product family) level. The S&OP process links the strategic
                           plans for the business with its execution and reviews performance measurements for
                           continuous improvement. See: aggregate planning, executive sales and operations planning
                           (executive S&OP), integrated business planning (IBP), production plan, production
                           planning, sales plan, tactical planning.

                     

                  
                  
                  
                  S&OP requires executive-level management to meet on
                     a monthly basis and review projections for demand and supply and the resulting
                     financial impact. It makes certain that tactical plans in every area of the business
                     are in alignment with the overall view of the company’s business. Where traditional
                     reviews have focused primarily on past performance, usually at quarterly business
                     reviews, the S&OP process extends this focus toward future projections—typically
                     12 to 24 months out. Using a planning horizon that is at least 15 to 18 months out
                     is a best practice, because this process can then act as a primary input to the
                     annual business planning process.

                  
                  
                  
                  Note that a growing number of
                     organizations use integrated business planning (IBP) in place of S&OP. IBP
                     is an extension of S&OP that adds external integrative processes. It is like
                     S&OP but is applied across the supply chain by directly involving key
                     suppliers and distributors in the process. That is, it helps supply chains
                     advance in maturity to become an extended enterprise. While IBP is outside the
                     scope of this text, many of the things discussed in these materials about
                     S&OP will also relate to IBP.

                  
                  

               
               

            
            
            
            
               
               
               Location in Manufacturing Planning and Control (MPC)
                  Hierarchy

               
               
               
               
                  
                  
                  Exhibit 2-1 shows how S&OP uses strategic planning (indirectly) and
                     business planning (directly) as key inputs to form tactical plans that in turn
                     guide plans at lower levels. That is, the strategic plan guides the business
                     plan, and the business plan is a bridging document that helps translate the
                     strategy into specific tactical plans at the S&OP level. Other key inputs
                     are aggregate demand from the demand-side activities and the high-level resource
                     planning capacity check from the supply-side activities.

                  
                  
                  
                  
                     Exhibit 2-1: S&OP’s Location in the MPC Hierarchy[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.
                     

                  
                  
                  

               
               

            
            
            
            
               
               
               Need
                  for and Benefits of S&OP

               
               
               
               
                  
                  
                  Many companies have difficulty in establishing valid plans for sales,
                     production, procurement, and inventory—and then tying them to day-to-day
                     scheduling and execution. As a result, performance suffers: Customer service is
                     poor, production and procurement are inefficient, inventory is too high or too
                     low, there are long lead times, budgets are out of sync with detailed functional
                     plans, there are ineffective or no responses to new opportunities, or all of the
                     above.

                  
                  
                  
                  Without proper planning, decisions are still made—just
                     not by individuals within the organization at the right level. This
                     starts to generate new, informal systems that are not linked to the
                     annual budget, and, therefore, the appropriate inventory and
                     resources will likely not be available. There can also be situations
                     where organizations fail to gain consensus on plans and conflict
                     follows, from different plans undermining each other to blaming
                     others when failures occur.

                  
                  
                  
                  Sales and operations planning has
                     emerged as an essential management tool in this age of rapid change,
                     increasingly demanding customers, and supply chains that extend half a world
                     away. It’s rightfully been called “top management’s handle on the
                     business.”

                  
                  
                  
                  S&OP isn’t only
                     for companies struggling with communication. It’s a method to enhance the
                     processes of each sector and achieve overarching company objectives.

                  
                  
                  
                  Often, organizations have
                     well-thought-out strategies and business plans but lack the methodology for
                     effectively executing them. S&OP’s primary purpose is to convert a company’s
                     strategy into tactical plans that can be executed throughout the business.
                     Organizations that practice world-class S&OP see benefits such as

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Production plans (one per product family) that are
                           consistent with the business plan

                        
                        

                     
                     
                     
                     	
                        
                        
                        Greater
                           visibility of demand and supply across the enterprise

                        
                        

                     
                     
                     
                     	
                        
                        
                        Better ability to react quickly to changes in demand or
                           unexpected market conditions 

                        
                        

                     
                     
                     
                     	
                        
                        
                        Improved
                           inventory management and increased promotional planning

                        
                        

                     
                     
                     
                     	
                        
                        
                        Increased
                           accuracy in budget forecasting

                        
                        

                     
                     
                     
                     	
                        
                        
                        Improved
                           product life cycle management process

                        
                        

                     
                     
                     
                     	
                        
                        
                        Improved
                           customer service levels

                        
                        

                     
                     
                     
                     	
                        
                        
                        Faster
                           turnover of finished goods inventories for improved cash flow

                        
                        

                     
                     
                     
                     	
                        
                        
                        More stable
                           production rates

                        
                        

                     
                     
                     
                     	
                        
                        
                        Faster and
                           more controlled new product introductions

                        
                        

                     
                     
                     
                     	
                        
                        
                        Reduced
                           obsolescence

                        
                        

                     
                     
                     
                     	
                        
                        
                        Shorter
                           customer lead times for make-to-order products.

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               S&OP Principles

               
               
               
               
                  
                  
                  Key
                     sales and operations planning principles include the following:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        S&OP is
                           guided by good decision making. It seeks to synchronize supply and
                           demand at the aggregate level, aligns financial and operational
                           planning, provides the connection between business planning and
                           day-to-day operational and sales activities, and establishes the
                           tactical path for the organization.

                        
                        

                     
                     
                     
                     	
                        
                        
                        S&OP
                           requires the hands-on participation of executive management, up to and
                           including the leader of the organization (president, COO, CEO, general
                           manager, managing director, etc.).

                        
                        

                     
                     
                     
                     	
                        
                        
                        S&OP
                           involves individuals and departments from across the organization. It is
                           truly cross-functional in nature.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Planning is
                           done on a monthly basis, with the ability to make mid-period revisions
                           should significant changes occur. Therefore it provides a snapshot into
                           how well the sales and operations plans are progressing.

                        
                        

                     
                     
                     
                     	
                        
                        
                        S&OP is
                           an aggregate planning tool that focuses on product family volume.
                           Effectively planning volume ensures that long-term capacity elements are
                           available so the mix will be easier to plan at the master schedule
                           level.

                        
                        

                     
                     
                     
                     	
                        
                        
                        S&OP is
                           able to function using multiple units of measure.

                        
                        

                     
                     
                     
                     	
                        
                        
                        It raises awareness of areas of misalignment,
                           conflicting goals in supply, demand, forecasting,
                           finance, or scheduling, or non-consensus between
                           functions; it then provides a process to manage and
                           resolve disagreement.

                        
                        

                     
                     
                     
                     	
                        
                        
                        S&OP turns unconstrained demand into constrained
                           demand. Unconstrained demand is the forecast of
                           actual market demand and other demand sources (e.g.,
                           internal) before supply or finance constraints are
                           considered. Constrained demand is the volume of
                           demand the organization agrees to meet for the
                           period with their capacity/purchasing because it is
                           feasible and should be profitable if assumptions
                           prove correct. 

                        
                        

                     
                     
                     
                     	
                        
                        
                        It holds
                           departments accountable for creating and executing the plans they
                           create.

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               S&OP Supply/Demand and Volume/Mix Concepts

               
               
               
               
                  
                  
                  Sales and operations planning
                     is focused on getting the big picture right and then driving down into the
                     details of manufacturing planning and control. According to Jacobs et al. in Manufacturing Planning and Control for Supply
                        Chain Management, the role of S&OP is to balance demand and supply
                     at the product family volume level, as seen in Exhibit 2-2. The
                     organization may have multiple sales and operations plans for various product
                     families. These can be aggregated to look at total volume for higher-level
                     business planning. Plans at the S&OP level are used to set the
                     budget/financial plans for operations as well as for sales and marketing. Note
                     also in the exhibit that the output of this high-level direction setting is used
                     as an input to setting the product mix during the more detailed master
                     scheduling level. (Setting the product mix is not done during S&OP.)

                  
                  
                  
                  
                     Exhibit 2-2: S&OP Supply/Demand and Volume/Mix Concepts[image: Planning hierarchy linking business plan to volume S&OP, product mix, MRP, and plant and supplier scheduling, with demand feeding in from the left and supply from the right. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Note that demand and supply are often
                     paired in discussions, as are volume and mix (even though volume and mix
                     decisions occur at different stages).

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Demand and supply. The first pair is
                           demand and supply. The challenge is that demand and supply must always
                           be synchronized. When demand exceeds supply, the organization cannot
                           provide products in sufficient volumes to meet the total required by
                           customers. As a result, costs increase due to overtime and premium
                           freight rates. Quality may suffer as production hurries to produce and
                           ship products. On the opposite side, if supply exceeds demand,
                           productive assets are not optimized, inventories increase, layoffs
                           occur, plant efficiency decreases, and profit margins are squeezed due
                           to price cuts and discounting. The role of S&OP is to prevent demand
                           and supply imbalances from occurring. This can be accomplished through
                           the effective coordination of the different operating plans of the
                           business functions constituting demand and supply.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Volume and mix. The second two
                           essentials that are often paired when discussing S&OP are volume and
                           mix. Although they are often discussed together in this context, it is
                           important to remember that they need to be treated separately in the
                           manufacturing planning and control function.

                        
                        
                        
                        
                           
                           
                           	
                              
                              
                              Volume.
                                 Volume is a big-picture decision that determines how much to make.
                                 For make-to-stock, volume concerns aggregate inventory levels and
                                 the money needed to make that inventory; for make-to-order, it
                                 concerns the size of the backlog. The ASCM Supply Chain Dictionary defines a backlog as:

                              
                              
                              
                              
                                 
                                 
                                    All the customer orders received but not yet
                                       shipped. This is sometimes referred to as open customer orders or the order board.
                                       See: order backlog, past-due order.
                                    

                                 

                              
                              
                              
                              Therefore, fundamental
                                 concerns of S&OP include sales, production,
                                 inventory/backlog, customer service levels, and money.
                                 Effectively planning volume ensures that the capacity elements
                                 that take a long time to put in place are available when the mix
                                 is planned at the master schedule level, making the mix easier
                                 to manage.

                              
                              

                           
                           
                           
                           	
                              
                              Mix.
                                 Sales mix is defined in the ASCM Supply Chain Dictionary as:
                                 “The proportion of individual product-type sales
                                    volumes that make up the total sales volume.”

                              
                              
                              
                               Mix focuses on what to make in which order based
                                 upon actual customer orders and sales mix forecasts (forecasts at
                                 the individual unit level rather than at the product family level).
                                 The challenge with mix decisions is that many organizations get
                                 caught up in managing the mix in a reactive mode due to customer
                                 requests, and they never take a step back and focus on the big
                                 picture. The best S&OP organizations are methodical versus
                                 reactive; they carefully plan their volume and then use that to
                                 drive their decisions regarding product mix. 

                              

                           
                           

                        
                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Key S&OP Linkages

            
            
            
            
               
               
               The S&OP process
                  creates a robust organizational framework around the processes of the business,
                  which then links the business plan to production and coordinates the various
                  planning efforts. This includes planning for marketing, finance, operations,
                  procurement, human resources, logistics, and more. If the sales and operations plan
                  does not represent an integrated, cross-functional plan, the business can work
                  against itself. Various functions may turn to blaming each other for the resulting
                  problems.

               
               
               
               Giving sales, marketing,
                  product development, finance, and human resources a better understanding
                  of actual capacity helps these functional areas be more efficient
                  and effective. Sales and marketing can set expectations with customers
                  more realistically. Development might find ways to make new products
                  that take advantage of unused capacity. Finance can understand the
                  limitations of current investments and better assess what new investments
                  might be needed to achieve revenue or growth goals. Human resources
                  can look at staffing levels, skill gaps, and training programs.

               
               
               
               All functions must be aligned with the strategic
                  direction chosen by management and their individual plans formulated to achieve
                  those objectives. It is important to understand S&OP’s relationships with other
                  MPC processes, including

               
               
               
               
                  
                  
                  	
                     
                     
                     Strategic planning
                        for direction-setting inputs

                     
                     

                  
                  
                  
                  	
                     
                     
                     Business
                        planning for specific business objectives

                     
                     

                  
                  
                  
                  	
                     
                     
                     Marketing to learn about the introduction
                        of new products or sales promotions

                     
                     

                  
                  
                  
                  	
                     
                     
                     Finance for working capital to support
                        expansion or capital investments

                     
                     

                  
                  
                  
                  	
                     
                     
                     Demand management inputs from sales planning

                     
                     

                  
                  
                  
                  	
                     
                     
                     Resource planning, which serves as a
                        capacity check against the S&OP production plan.

                     
                     

                  
                  

               
               
               
               Exhibit 2-3 provides
                  additional important data on the linkages between S&OP and other
                  MPC processes.

               
               
               
               
                  Exhibit 2-3: S&OP Linkages to Other MPC Processes
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Other MPC Processes

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Linkage to S&OP

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Demand planning
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    S&OP relies
                                       on demand planning to report all sources of demand that affect manufacturing
                                       capacity, forecasts and customer orders placed at all levels of the
                                       distribution network, interplant transfers, and service requirements.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Resource planning
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Resource planning provides
                                       S&OP with estimates of capacity requirements for
                                       alternative sales and operations plans being considered
                                       and for changes in the current S&OP production plan.
                                       Resource planning also ensures that adequate key
                                       resources are in place to support master scheduling.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Master scheduling (MS)
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    The master production schedule is a disaggregation of
                                       the S&OP production plan from the product family to
                                       the end-item mix level over the first few months of the
                                       S&OP horizon. The planned master production schedule
                                       end-item quantities must agree with the product family
                                       volume for manufacturing to succeed in meeting the
                                       schedule.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Distribution planning
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Distribution planning
                                       covers inventory at distributed locations. Demand at distribution
                                       centers can be rolled up to a central supply source to determine aggregate
                                       distribution inventory demand. In addition, logistics resource planning
                                       provides input to S&OP on the ability of the distribution resources
                                       to move and store product at stocking locations to meet customer
                                       demand.

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               
               
               The S&OP process balances tradeoffs to find the optimum
                  result for all stakeholders, including the supply side, the demand side, and
                  finance. This cross-functional collaboration also takes place during master
                  scheduling and later during production activity control as priorities shift given
                  additional detail and new information (e.g., additional constraints).

               
               
               
               When organizations
                  or their partners need to link to other plants or supply chain partners,
                  they may need to use advanced planning and scheduling (APS) systems.
                  APS systems are discussed elsewhere in these materials.

               
               

            
            

         
         
   
      
         
         
         
         S&OP Roles and Process

         
         
         
         
            
            
            Here we describe the roles and responsibilities of each S&OP
               stakeholder or team and identify the positions that generally fill these roles. Then
               we review the inputs, key activities, participants, and outputs for each step in the
               S&OP process.

            
            

         
         
         
         
         
            
            
            S&OP Roles and Responsibilities

            
            
            
            
               
               
               S&OP has certain roles
                  that need filling, and each role has certain responsibilities. Some of these roles
                  require a shift in mindset toward greater collaboration.

               
               

            
            
            
            
               
               
               S&OP Roles

               
               
               
               
                  
                  
                  Decisions
                     reached in the S&OP process play a critical role in guiding the business.
                     These decisions are instrumental in developing tactical plans for sales,
                     marketing, production, procurement, and finance. Therefore, it is critical to
                     have a cross-functional team with the right skills engaged at the right time.
                     Exhibit 2-4 details the positions that typically populate these
                     roles.

                  
                  
                  
                  
                     Exhibit 2-4: Positions That Fill S&OP Roles
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Stakeholder

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Team Members/Roles

                                       
                                       
                                    
                                    

                                 
                                 
                              
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Executive
                                          champion/sponsor

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Senior executive

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       S&OP process owner

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Person who can lead the
                                          implementation effort and provide leadership

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Demand planning team

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Typically includes

                                       
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Demand manager

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Product manager

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Forecast analyst

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Sales manager

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Salespersons

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Marketing manager (e.g.,
                                                promotions)

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Customer
                                                service manager

                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Sales administration
                                                manager

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             New products
                                                coordinator

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Supply chain or logistics
                                                manager

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Business intelligence
                                                analyst

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             S&OP process owner

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Representatives from other
                                                areas (e.g., finance, accounting, or supply
                                                planning)

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Supply planning team

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Usually includes

                                       
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Plant manager

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Materials manager

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Purchasing manager

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Buyers for purchased product
                                                families

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Master scheduler

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Distribution manager

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Logistics or supply chain
                                                manager

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Production control
                                                manager

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             New products
                                                coordinator

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             S&OP process owner

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Representatives from other
                                                areas (e.g., finance, accounting, HR, quality, or
                                                demand planning)

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Pre-S&OP team

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       All functional department
                                          managers/heads as well as the process owner

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Executive S&OP team

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Should include

                                       
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             President (general manager,
                                                chief executive officer)

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Vice president of
                                                sales

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Vice president of
                                                marketing

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Vice president of
                                                operations

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Vice president of product
                                                development

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Vice president of
                                                finance

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Vice president of supply
                                                chain/logistics

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Vice president of human
                                                resources

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             S&OP process owner

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                  
                  

               
               

            
            
            
            
               
               
               S&OP Responsibilities

               
               
               
               
                  
                  
                  Sales and operations planning ties together the organization’s operational plan
                     and its strategic business plan, providing a holistic view of demand, supply,
                     and finance. Since each of these areas plays a role, it is important to
                     understand who needs to do what.

                  
                  
                  
                  Many companies that have adopted a formal S&OP
                     process will attest to its benefits. These include more effective
                     supply and demand synchronization by looking ahead 15 to 18 months
                     and involving stakeholders in tradeoffs between sales and production
                     to meet customer service and financial objectives. An effective
                     S&OP process starts with a clear definition of responsibilities.
                     Exhibit 2-5 summarizes the responsibilities of the
                     six major S&OP roles.

                  
                  
                  
                  
                     Exhibit 2-5: S&OP Responsibilities
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Participants

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Responsibilities

                                       
                                       
                                    
                                    

                                 
                                 
                              
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Executive
                                          champion or sponsor

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       This individual sets clear performance expectations for
                                          top management, authorizes necessary resources,
                                          and clears obstacles to effective process
                                          performance. Ideally this is the president/chief
                                          executive officer or is a senior executive with a
                                          close working relationship with the president.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       S&OP
                                          process owner

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       This individual is recognized as the leader of the
                                          monthly S&OP process. The process owner has
                                          strong leadership skills and is capable of
                                          presenting issues to decision makers and resolving
                                          conflict. The role guides the S&OP teams
                                          toward consensus. This person may have another
                                          role within the organization, such as demand,
                                          sales, materials, or production control manager or
                                          controller.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Demand planning
                                          team

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       This team is
                                          responsible for reviewing the sales forecasting reports
                                          and ensuring that price changes, promotions, market
                                          conditions, sales, and competitor activity are properly
                                          accounted for in the forecasts. The team researches the
                                          marketplace, products, and customer service and produces
                                          and revises the sales plan.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Supply
                                          planning team

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       This team sets the production plan to meet demand,
                                          details production rates and capacities, and
                                          validates resource availability. The team reviews
                                          the preliminary production plan, recommends
                                          changes as necessary to meet the sales plan, and
                                          identifies any need to ask top management for
                                          additional resources. The supply plan also drives
                                          the make-to-stock (MTS) inventory
                                          plan/make-to-order (MTO) backlog plan.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Pre-S&OP
                                          team

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       This team
                                          makes decisions on demand and supply synchronization,
                                          identifies issues needing resolution, resolves problems,
                                          and develops and reviews what will be in the
                                          presentation to senior management in the executive
                                          S&OP meeting, such as exceptions or alternative
                                          plans that may be best for the business.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Executive
                                          S&OP team

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       This team
                                          decides on the sales and operations plan for product
                                          families, authorizes spending for production and
                                          procurement rate changes, relates the impact of the
                                          monetized version of the sales and operations plan to
                                          the business plan, resolves issues from the pre-S&OP
                                          meeting, and reviews customer service and business
                                          performance.

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                  
                  
                  
                  The responsibilities
                     of two participants are particularly important:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        The executive champion or sponsor, who is the final
                           decision maker and lends legitimacy and authority to
                           the process of bringing various functional interests
                           together in a transparent, well-organized way

                        
                        

                     
                     
                     
                     	
                        
                        
                        The process
                           owner, who is responsible for framing issues and identifying which
                           decisions can be made by the pre-S&OP team and which need to be
                           resolved by the executive team

                        
                        

                     
                     

                  
                  
                  
                  As you examine the responsibilities of the various
                     teams as detailed in Exhibit 2-5, notice the involvement of middle management
                     throughout the planning process. They play a very active role and
                     are responsible for

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Updating
                           the sales forecast

                        
                        

                     
                     
                     
                     	
                        
                        
                        Reviewing
                           the impact of the changes

                        
                        

                     
                     
                     
                     	
                        
                        
                        Identifying
                           alternatives

                        
                        

                     
                     
                     
                     	
                        
                        
                        Formulating
                           agreed-upon recommendations for top management regarding overall changes
                           to the plans

                        
                        

                     
                     
                     
                     	
                        
                        
                        Communicating this information to top management prior to the executive
                           S&OP meeting.

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Shifts in Mindset and Responsibilities

               
               
               
               
                  
                  
                  For many organizations, actual implementation of sales
                     and operations planning requires shifting both in mindset and responsibilities. To
                     succeed, this shift needs to occur at two levels: top management and functional
                     roles.

                  
                  

               
               
               
               
                  
                  
                  Top Management

                  
                  
                  
                  
                     
                     
                     For S&OP to be successful, top
                        management must provide the necessary direction to accomplish what is required. Once
                        the commitment has been made from the top, it is all about execution—getting the
                        right individuals and teams together, arranging meetings, participating in the
                        process, and following up on decisions. There are three things that top management
                        can do to lead the S&OP culture change:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           
                              
                                 Align performance goals and metrics.
                                 
                              The executive
                                 sponsor needs to require functional area leader participation. If the
                                 sponsor is not the president or the chief executive officer, the sponsor
                                 will need this executive’s support. Top management reinforces the
                                 importance of S&OP by ensuring that performance measurement and
                                 rewards align with the plan. Many organizations find that S&OP and
                                 the existing process have conflicting performance measures. S&OP may
                                 require examining and revising performance goals.
                              

                           
                           

                        
                        
                        
                        	
                           
                           
                           
                              
                                 Enforce changes.
                                 
                              One of the
                                 benefits of S&OP is running the business from one set of numbers.
                                 Requiring managers to use a different set of numbers for budgeting than
                                 is used for S&OP may cause confusion and erode the process. Top
                                 management should be leading the culture change within the organization
                                 to align all numbers.
                              

                           
                           

                        
                        
                        
                        	
                           
                           
                           
                              
                                 Resolve tradeoffs between functions before approval.
                                 
                              The
                                 commitment of top management to follow through and act is essential. It
                                 is often challenging to maintain the rigor required to gain the full
                                 benefit of S&OP. Top management must make and follow up on the tough
                                 decisions regarding tradeoffs between functions.
                              

                           
                           

                        
                        

                     
                     
                     
                     Senior executives should be responsible for
                        these actions:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Ensuring that customers are treated
                              fairly for allocations due to production shortages

                           
                           

                        
                        
                        
                        	
                           
                           
                           Ensuring collaboration between
                              sales and operations on abnormal demand, especially for 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 are compiled rather than integrated can have serious
                              consequences.)

                           
                           

                        
                        

                     
                     
                     
                     Management’s role in the process is also to
                        ensure it is not led by the “who shouts loudest gets their way” syndrome, which not
                        only targets the needs of the customer but also the broader capabilities of the
                        organization.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Functional Roles

                  
                  
                  
                  
                     
                     
                     The primary role of all functions involved
                        in S&OP is to “hit the target,” and the goal is to get the S&OP team to
                        “own” the plan. Each function will have its own view of the plan: the sales plan and
                        the finance plan in monetary units, and the production plan and the
                        inventory/backlog plan in units. Since these are just different views of the same
                        plan, this will help avoid the common situation of blaming others rather than
                        working to resolve issues. When something is preventing one team or another from
                        hitting the target, team members must share that information so that the best
                        tradeoffs for the organization can be made in a timely manner.

                     
                     
                     
                     Communication and transparency are critical to
                        making the monthly meetings successful. For many organizations, this level of
                        transparent communication is challenging. It requires those involved to be willing
                        to share information that may not make their department look the best. It also
                        requires the teams surrounding them to be supportive and offer solutions. Or
                        departments may be asked to accept decisions (tradeoffs) that may not provide them
                        the best numbers in the short term.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            S&OP Process

            
            
            
            
               
               
               The steps of the monthly S&OP process
                  are shown in Exhibit 2-6. Each of the steps has its own unique metrics that, when
                  taken together, provide a comprehensive overview of the organization’s
                  performance.

               
               
               
               
                  Exhibit 2-6: Monthly Sales and Operations Planning Process[image: Monthly S&OP process flow showing product review to demand planning, supply planning, financial review, pre-meeting, and executive meeting, aligned with reviewing performance, evaluating demand and supply, and reconciling plans.]
               
               
               
               
               While managers from multiple functions will
                  be doing a lot of the work required to make the S&OP process effective, it is
                  essentially an executive decision-making process. The S&OP process follows steps
                  such as these:

               
               
               
               
                  
                  
                  	
                     
                     
                     Reviewing performance (product review).
                        Data on demand (sales, backorders, etc.), supply (backlogs, inventory
                        levels, etc.), marketing, finance, and external events are
                        gathered.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Evaluating demand levels (demand
                           planning). Forecasts are created, and input data or results are
                        modified, as needed, based on evolving assumptions, price changes, new
                        products, promotions, competitors, the economy, etc. How much demand can be
                        generated through marketing efforts is determined.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Evaluating supply capability (supply
                           planning). Production planning compares demand requests against
                        capacity in the long and medium terms to identify constraints.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Reconciling demand, supply, and financial
                           plans. This step has three substeps.

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Financial review meeting. This meeting with finance
                              professionals assesses plan financial viability.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Pre-S&OP meeting. Issues that do not require executive
                              attention to balance supply and demand are resolved, and an agenda
                              of exception items is created.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Executive meeting. Senior executives and business leaders
                              decide on exception items and ensure that the overall plan can still
                              meet objectives and is consistent with strategy. The objective is to
                              improve each division’s processes and achieve optimal
                              performance.

                           
                           

                        
                        

                     
                     

                  
                  

               
               
               
               The result of this process will be consensus,
                  making it a one-number system. Sales and marketing agree to generate this level of
                  demand per product family, production agrees to produce to this plan, and finance
                  agrees that the plan will be profitable and/or will meet other objectives such as
                  growing market share. This breaks the traditional silo approach where every
                  functional area acts independently and to further its own internal goals. Instead,
                  the functional areas synchronize their goals and the measurements they use to assess
                  success.

               
               
               
               The S&OP steps are addressed in greater
                  detail next.

               
               

            
            
            
            
               
               
               Step
                  1: Reviewing Performance (Product Review)

               
               
               
               
                  
                  
                  The first step in S&OP, reviewing performance, is
                     completed within one or two days after the end of the month. The information
                     systems department, including information systems analysts and forecast
                     analysts, must have the systems updated with information from the month that has
                     just ended.

                  
                  

               
               
               
               
                  
                  
                  Input

                  
                  
                  
                  
                     
                     
                     The input into this step is the monthly
                        information.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Key Activities

                  
                  
                  
                  
                     
                     
                     The activities that are completed in this
                        step include the following:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Update data on actual sales,
                              inventories, production, and backlog for the month just ended (finished
                              goods levels, forecast accuracy, on-time performance, etc.).

                           
                           

                        
                        
                        
                        	
                           
                           
                           Incorporate a product review, such as
                              for new product introduction timing and other product life cycle changes
                              over the S&OP horizon.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Share and discuss the impact of any
                              changes in underlying assumptions or risks such as competitor actions,
                              economic changes, legal/regulatory changes, political changes, supply risks,
                              or demand risks.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Generate data needed for the current
                              planning cycle and distribute those data.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Generate new data for sales and
                              marketing analysts to use in the new demand forecast: sales analysis data,
                              statistical forecast reports, and revised worksheets for the field sales
                              force.

                           
                           

                        
                        

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Participants

                  
                  
                  
                  
                     
                     
                     To ensure that this step in the process is
                        successful, it is recommended that information systems analysts and the forecast
                        analyst be involved.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Output

                  
                  
                  
                  
                     
                     
                     From the information gathered, the sales
                        analysis reports are generated and demand forecasts are updated.

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Step
                  2: Evaluating Demand Levels (Demand Planning)

               
               
               
               
                  
                  
                  Once the information has been received from the
                     performance review step, the evaluation of demand levels and demand planning can
                     begin. Statistical forecasts need to be validated or adjusted for other factors
                     as necessary to produce the management forecast. An important activity in this
                     step is overriding the statistical forecast when appropriate and making senior
                     marketing and sales management aware of the adjustment. This is the first step
                     where organizations may discover areas that will require tradeoffs. Marketing
                     and sales play a dominant role in this step.

                  
                  

               
               
               
               
                  
                  
                  Input

                  
                  
                  
                  
                     
                     
                     Updated sales analysis and demand forecasts
                        are the inputs into this step in the process.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Key Activities

                  
                  
                  
                  
                     
                     
                     This step results in the creation of the
                        sales plan (or an update to it). The sales plan is a commitment by the demand
                        planning team to sell the stated volume of each family over the S&OP planning
                        horizon. Key activities include the following:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Review data from performance review
                              step on past sales performance. (This is done by sales and marketing.)

                           
                           

                        
                        
                        
                        	
                           
                           
                           Create statistical forecasts for
                              make-to-stock products.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Modify the statistical forecast to
                              create the management forecast based on

                           
                           
                           
                           
                              
                              	
                                 
                                 
                                 Additional demand data from
                                    field sales for large accounts

                                 
                                 

                              
                              
                              	
                                 
                                 
                                 New product introductions
                                    and new customers, updates to current products, and phase-out of old
                                    products

                                 
                                 

                              
                              
                              	
                                 
                                 
                                 Input from marketing on
                                    promotions, pricing, and competitor activity

                                 
                                 

                              
                              
                              	
                                 
                                 
                                 Forecast errors from the
                                    prior month, such as bias by family

                                 
                                 

                              
                              
                              	
                                 
                                 
                                 Analysis of causes of bias
                                    and necessary adjustments.

                                 
                                 

                              

                           
                           

                        
                        
                        
                        	
                           
                           
                           Perform other demand management
                              activities such as checking distribution requirements planning (DRP) orders
                              or recognizing other sources of demand such as service parts.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Create the draft plan or grid for
                              the new month’s cycle. Note that later steps will result in plan
                              revisions.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Convert the unit sales forecast
                              data into monetary units (dollars, euros, renminbi) for use by finance and
                              accounting.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Submit the draft sales plan to the
                              supply planning team.

                           
                           

                        
                        

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Participants

                  
                  
                  
                  
                     
                     
                     The participants for the demand planning
                        team were addressed earlier.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Output

                  
                  
                  
                  
                     
                     
                     The output of this step is a draft sales
                        plan that includes the new month’s cycle.

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Step
                  3: Evaluating Supply Capability (Supply Planning)

               
               
               
               
                  
                  
                  The third step in S&OP results in the preparation
                     of a draft S&OP production plan validated by resource planning
                     as to sufficiency of resources.

                  
                  

               
               
               
               
                  
                  
                  Input

                  
                  
                  
                  
                     
                     
                     The primary input for this step is the
                        updated sales plan.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Key Activities

                  
                  
                  
                  
                     
                     
                     Key activities conducted by operations and
                        accounting include the following:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Review the management forecasts in
                              the draft S&OP production plan from the second step.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Test new draft S&OP production
                              plans for sufficiency of aligned and non-aligned production resources and
                              logistics resources. Include in the resource planning report.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Modify existing S&OP production
                              plans to account for changes in the forecast from the second step and
                              necessary adjustments in inventory or the customer order backlog. Include
                              results in a draft plan to share with the demand team. This may be a
                              back-and-forth process in which either team might suggest changes to the
                              draft sales and/or production plans to get them into alignment.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Develop a list of issues that
                              require resolution at the pre-S&OP or executive meeting, including the
                              need for funding additional resources.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Prepare a resource constraint
                              analysis of the sales and operations plans.

                           
                           

                        
                        

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Participants

                  
                  
                  
                  
                     
                     
                     Participants for the supply planning team
                        were addressed earlier.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Output

                  
                  
                  
                  
                     
                     
                     The output is a draft plan that includes
                        updates to the S&OP production plan, sales plan, and resource plan. There will
                        also be a list of issues needing resolution to be presented by the S&OP process
                        owner at the pre-S&OP planning meeting.

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Step
                  4a: Financial Review Meeting

               
               
               
               
                  
                  
                  The goal of
                     the financial review meeting is to minimize the number of financial decisions
                     needed in the executive meeting.

                  
                  

               
               
               
               
                  
                  
                  Inputs

                  
                  
                  
                  
                     
                     
                     The inputs into this step are any capacity
                        constraints or out-of-tolerance conditions, a list of issues that require
                        resolution, and the supply-side analysis of the sales and operations plans.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Key Activities

                  
                  
                  
                  
                     
                     
                     Key activities for the financial review meeting
                        are as follows:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Analyze the sales plan, the production
                              plan, and the inventory plan in dollars as well as any alternative
                              production plans for financial impact and feasibility.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Finalize projections on the revenues,
                              profits, cash flow, or need for capital for investments for each
                              alternative.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Provide a recommendation on the plan
                              that best meets the organization’s financial goals as well as financial
                              constraints:

                           
                           
                           
                           
                              
                              	
                                 
                                 
                                 Budgets

                                 
                                 

                              
                              
                              	
                                 
                                 
                                 Cash flow

                                 
                                 

                              
                              
                              	
                                 
                                 
                                 Capital expenditure limits

                                 
                                 

                              

                           
                           

                        
                        

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Participants

                  
                  
                  
                  
                     
                     
                     It is recommended that all functional
                        department managers/heads be involved in the financial review meeting.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Outputs

                  
                  
                  
                  
                     
                     
                     The output of this meeting is a financially validated plan or a
                        recommendation for plan changes to enable meeting financial constraints.

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Step
                  4b: Pre-Meeting

               
               
               
               
                  
                  
                  The pre-S&OP meeting
                     can be a single meeting or several meetings with management at various levels of
                     the organization.

                  
                  
                  
                  The pre-S&OP
                     meeting is functional in nature, and it provides the foundation for necessary
                     discussions in the executive meeting. The S&OP team identifies areas of
                     under-performance and gaps within the business plan and develops strategies to
                     resolve these issues, with detailed financial and operations data as a strong
                     set of KPIs based on the metrics most important to the business.

                  
                  

               
               
               
               
                  
                  
                  Inputs

                  
                  
                  
                  
                     
                     
                     Inputs include each product family’s plans and recommendations
                        from prior steps.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Key Activities

                  
                  
                  
                  
                     
                     
                     Key activities for the pre-S&OP
                        meeting are as follows:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Reconcile differing recommendations to
                              generate a single recommended plan.

                           
                           
                           
                           
                              
                              	
                                 
                                 
                                 Review plans and create
                                    recommendations for each product family.

                                 
                                 

                              
                              
                              	
                                 
                                 
                                 Reach an agreement and
                                    make decisions regarding synchronizing supply and demand and
                                    out-of-tolerance conditions.

                                 
                                 

                              
                              
                              	
                                 
                                 
                                 Develop recommendations
                                    for resource additions or reductions in labor, shifts, equipment,
                                    and outsourcing.

                                 
                                 

                              
                              
                              	
                                 
                                 
                                 Generate alternate action plans
                                    for consideration.

                                 
                                 

                              

                           
                           

                        
                        
                        
                        	
                           
                           
                           Set demand priorities when
                              resources are constrained (sales and marketing).

                           
                           

                        
                        
                        
                        	
                           
                           
                           Develop specific recommendations
                              for each product family in a draft plan:

                           
                           
                           
                           
                              
                              	
                                 
                                 
                                 No change in sales or
                                    operations plan

                                 
                                 

                              
                              
                              	
                                 
                                 
                                 Increase or decrease in
                                    sales or operations plan

                                 
                                 

                              

                           
                           

                        
                        
                        
                        	
                           
                           
                           Approve an updated financial
                              forecast and financial view of the plans: matching the dollar value of the
                              latest sales forecast for all product families to the annual business plan
                              revenue goals.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Set the agenda for the executive
                              meeting, focusing on issues that could not be reconciled in the financial
                              review meeting or the pre-meeting.

                           
                           

                        
                        

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Participants

                  
                  
                  
                  
                     
                     
                     It is recommended that all functional
                        department managers/heads be involved in the pre-meeting. This meeting typically
                        includes management from finance, marketing and sales, product development, demand
                        planning, materials, and operations.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Outputs

                  
                  
                  
                  
                     
                     
                     The output of the pre-meeting is the
                        agenda for the executive meeting. Some of the questions that should be answered as
                        a
                        result of the agenda are listed in Exhibit 2-7.

                     
                     
                     
                     
                        Exhibit 2-7: Executive Meeting Agenda
                        
                        
                        
                        
                           
                           
                           
                           
                              
                              
                                 
                                 
                                    
                                    
                                    
                                    
                                    
                                 
                                 
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Executive
                                             Meeting Agenda Topics

                                          
                                          
                                       

                                    
                                 
                                 
                                 
                                    
                                    
                                       
                                       	
                                          
                                          
                                          
                                             
                                             	
                                                
                                                
                                                What
                                                   has changed since last month?

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                Are we
                                                   “on plan” financially?

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                How
                                                   are we executing to performance metrics?

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                What
                                                   new risks do we need to consider?

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                What
                                                   decisions need to be made now?

                                                
                                                

                                             

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          
                                             
                                             	
                                                
                                                
                                                What
                                                   decisions need to be made in the near future?

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                How
                                                   are product families performing?

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                Are we
                                                   on track with product development?

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                Do we
                                                   have any critical constraints?

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                Is
                                                   there any need to revise long-term plans?

                                                
                                                

                                             

                                          
                                          
                                       

                                    
                                 

                              

                           
                           

                        
                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Step
                  4c: Executive Meeting

               
               
               
               
                  
                  
                  The executive meeting makes decisions on sales
                     and operations plans for each product family and authorizes spending based on
                     rate changes in production and procurement. The meeting relates the impact of
                     S&OP plans for various product groupings to the overall business plan and
                     reviews overall business performance and customer service levels.

                  
                  
                  
                  Executive management has several
                     priorities when managing the overall strategies of the business. They do not
                     typically have time to dig into all of the details. It is important that the
                     issues and proposed resolutions are clearly defined, with visual representations
                     of the data such as KPIs and projections with the supporting information on hand
                     to answer any questions.

                  
                  
                  
                  A typical
                     S&OP executive meeting agenda should encompass changes during any part of
                     the S&OP planning horizon, the state of financial goals, risks that should
                     be addressed, decisions to be made, production performance, constraints, and an
                     overview of long-term plans. As with any cross-functional effort, the S&OP
                     process will result in disagreements. These disagreements may stem from
                     different ideas and proposed solutions to problems found in the tactical plans
                     designed to achieve the organization’s overall objectives. The executive meeting
                     provides an opportunity for the key management of each functional area to
                     escalate any decisions that could not be agreed upon among the S&OP team.
                     The team presents data and analysis to executive management so that a final
                     decision can be made and the next course of action can be
                     determined.

                  
                  

               
               
               
               
                  
                  
                  Inputs

                  
                  
                  
                  
                     
                     
                     The key input is the executive meeting agenda developed in the
                        pre-meeting.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Key Activities

                  
                  
                  
                  
                     
                     
                     The key activities for the executive
                        meeting are as follows:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Review, accept, or modify the
                              pre-S&OP team decisions.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Make decisions on product family
                              issues on which the pre-S&OP team did not reach consensus.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Authorize significant changes in
                              procurement and production rates.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Relate the monetized version of
                              the sales and operations plan to the business plan and modify each as
                              necessary.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Review customer service
                              performance and new product issues.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Review changes to existing
                              policies relating to supply and demand balancing.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Create a final plan that reflects
                              the final decisions for this iteration.

                           
                           

                        
                        

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Participants

                  
                  
                  
                  
                     
                     
                     When it comes to the actual executive meeting,
                        the group should be smaller.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Outputs

                  
                  
                  
                  
                     
                     
                     The end result of the executive meeting
                        should be a single companywide plan that has been agreed upon by the executive team
                        and is clearly understood by all internal stakeholders. This is done by accepting
                        or
                        modifying decisions made by the pre-S&OP meeting team and resolving open issues
                        or exceptions in product families.

                     
                     
                     
                     Successful execution of the S&OP
                        process results in an S&OP production plan that is expressed in units and is the
                        best for the business. The ASCM Supply Chain Dictionary defines production plan, also called an operations plan,
                        as:

                     
                     
                     
                     
                        
                        The agreed-upon plan that comes from the production planning (sales and operations
                              planning (S&OP)) process, which provides the overall level of planned manufacturing
                              output, usually stated as a monthly rate for each product family. The plan represents
                              management’s authorization for the master scheduler to convert it into the more detailed
                              master production schedule (MPS). See: sales plan.

                        

                     
                     
                     
                     Successful S&OP is not a one-time shot—it is a process, and it
                        can be continuously improved. If S&OP is executed properly, the organization
                        will be aligned strategically, which will allow it to execute tactically.
                        Organizations that prepare and create a defined, repeatable process have the best
                        plan possible to drive the organization toward its strategic objectives.

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Integrating
            and Balancing Roles of S&OP

         
         
         
         
            
            
            Here we discuss inputs
               and outputs of S&OP and S&OP planning factors. Next, the impact
               of various service or manufacturing environments is addressed. Synchronizing supply
               and demand is covered after that. This synchronizing or balancing
               process is necessary due to the numerous consequences that can occur
               when supply and demand are not in sync. The role of S&OP in
               balancing supply and demand is addressed and compared to the role
               of master scheduling, and resulting potential tradeoffs are discussed.

            
            

         
         
         
         
         
            
            
            S&OP Key Inputs and Outputs

            
            
            
            
               
               
               As shown in Exhibit 2-8,
                  S&OP, using monthly intervals, directly aligns production to the strategic and
                  business planning and coordinates the various planning efforts within the
                  organization, including marketing planning, resource planning, financial planning,
                  and demand management. Here we address demand management, the sales plan, and the
                  production plan in more detail.

               
               
               
               
                  Exhibit 2-8: Sales and Operations Inputs and Outputs[image: Diagram of S&OP showing inputs from business, marketing, and financial planning; links to demand management and resource planning; and outputs to sales plan, production plan, and master scheduling for product family volumes.]
               
               
               

            
            
            
            
               
               
               Demand Management

               
               
               
               
                  
                  
                  Demand management as shown in the exhibit includes demand
                     planning. The ASCM Supply Chain Dictionary defines
                     demand planning as:

                  
                  
                  
                  
                     
                     
                        The process of combining statistical forecasting techniques and judgment to construct
                           demand estimates for products or services (both high and low volume; lumpy and continuous)
                           across the supply chain from the suppliers’ raw materials to the consumer’s needs.
                           Items can be aggregated by product family, geographical location, product life cycle,
                           etc., to estimate consumer demand for finished products, service parts, and services.
                           Numerous forecasting models are tested and combined with judgment and intelligence
                           from marketing, sales, distributors, warehousing, service parts, and other functions
                           to minimize forecast error. See: demand management.
                        

                     

                  
                  
                  
                  Demand planning is basically forecasting and forecast tracking. The information
                     received in the first step of the sales and operations planning process is
                     reviewed by sales and marketing personnel in order to generate a new forecast
                     for a given period of time. It may be necessary to adjust statistical forecasts
                     and provide an update to senior marketing and sales personnel.

                  
                  
                  
                  Demand management is the recognition of all demand. In
                     addition to forecasts, a major source of demand is actual orders from internal or
                     external customers. Internal customers could be other plants or subsidiaries or
                     owned distribution centers. External customer orders include those from distribution
                     centers, wholesalers, retailers, and customers. Organizations that use consignment
                     hold inventories at customer locations, so demand planning will recognize this
                     too.

                  
                  
                  
                  Once a new forecast is
                     generated, it will be used along with actual sales, production, and inventory
                     data to create the new sales plan.

                  
                  

               
               

            
            
            
            
               
               
               Sales
                  Plan

               
               
               
               
                  
                  
                  The ASCM Supply Chain
                        Dictionary defines the sales plan as:

                  
                  
                  
                  
                     
                     
                        A time-phased statement of expected customer orders anticipated to be received (incoming
                           sales, not outgoing shipments) for each major product family or item. It represents
                           sales and marketing management’s commitment to take all reasonable steps necessary
                           to achieve this level of actual customer orders. A sales plan is a necessary input
                           to the production planning process (or sales and operations planning (S&OP) process).
                           It is expressed in units identical to those used for the production plan (as well
                           as in sales dollars). See: aggregate planning, production plan, production planning,
                           sales and operations planning (S&OP).
                        

                     

                  
                  
                  
                  A preliminary sales
                     plan is an input to the S&OP process, and it is also an output in that it is
                     the finalized plan that the consensus-building process of S&OP ensures is in
                     agreement with the production plan.

                  
                  
                  
                  The sales plan and forecast is a
                     prediction of what will happen in the future. The data accuracy, quality, and
                     timeliness of the distribution of sales forecasting reports are critical for
                     cross-functional collaboration. The sales plan and derived forecasts are
                     important to all areas of the business, including areas like human resources,
                     which must plan worker levels, and finance, which may need to plan for capital
                     spending associated with increasing production capacity. Better collaborative
                     decisions that work to achieve organizational goals and objectives can be made
                     if each area trusts the forecast more.

                  
                  
                  
                  Updating the sales forecasting reports involves updating
                     files with data from the period that most recently ended. Data included in this
                     update may include actual sales and any other applicable information. The
                     updated information is then used to develop sales analysis reports and change
                     sales forecasts.

                  
                  
                  
                  Once a new sales
                     plan has been approved, it will be applied to the last effective production plan
                     to identify areas that must be changed due to unacceptable
                     performance.

                  
                  

               
               

            
            
            
            
               
               
               S&OP Production Plan and Need for One-Number
                  System

               
               
               
               
                  
                  
                  The S&OP production plan is
                     the planned production, on a monthly and
                     cumulative basis, for which management is to be
                     held accountable. The sales plan is an input that
                     shows what the organization intends to sell, and
                     this plus the inventory plan/backlog plan help
                     determine what needs to be produced to enable
                     those sales.

                  
                  
                  
                  The most important outcome of the sales and operations
                     planning (S&OP) process is that the
                     organization’s aggregate inventory and/or backlog
                     and production process will be synchronized with
                     planned aggregate demand as expressed in the sales
                     plan. That is, the output of the S&OP process
                     must be one set of numbers to drive the business.
                     It is this constrained demand amount that is used
                     to guide the sales plan for what to market and
                     sell or prioritize and that will be produced under
                     the S&OP production plan. 

                  
                  
                  
                  The S&OP process forces management to
                     consider whether their current production plan choices are still efficient and
                     effective. Revisiting decisions to increase or decrease the backlog or to
                     fine-tune the production rate can improve production planning. Similarly,
                     S&OP improves inventory planning for MTS environments and backlog for MTO
                     environments by reviewing and adjusting aggregate inventory levels or backlog
                     levels toward a targeted level at least monthly.

                  
                  
                  
                  The S&OP production plan will likely differ from the
                     sales plan in total volume in its first
                     iterations, but the S&OP process should
                     synchronize these plans. Starting with the prior
                     S&OP production plan, negotiations with the
                     demand side and other stakeholders will result in
                     updates to the previous S&OP production plan.
                     This becomes the new S&OP production plan.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Planning Factors

            
            
            
            
               
               
               Three
                  key planning factors are critical when linking the various functional
                  plans in a successful S&OP process: units of measure, product
                  families, and the planning horizon.

               
               

            
            
            
            
               
               
               Units
                  of Measure

               
               
               
               
                  
                  
                  The ASCM Supply Chain
                        Dictionary defines unit of measure as:

                  
                  
                  
                  
                     
                     
                        The unit in which the quantity of an item
                           is managed (e.g., pounds, each, box of 12, package of 20, or case of
                           144).
                        

                     

                  
                  
                  
                  However, defining the units of measure can be a
                     challenge, because processes might use different
                     interpretations of the same unit. For example, an
                     S&OP production plan is often measured in
                     terms of aggregate units of output per month,
                     while a master production schedule is measured in
                     terms of end product units per week. Measurements
                     that organizations use that need to be in
                     alignment include

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Total units for each product line or product
                           family

                        
                        

                     
                     
                     
                     	
                        
                        
                        Dollar value of total monthly output

                        
                        

                     
                     
                     
                     	
                        
                        
                        Total output by factory

                        
                        

                     
                     
                     
                     	
                        
                        
                        Direct labor hours.

                        
                        

                     
                     

                  
                  
                  
                  To calculate the total units for each product line or
                     product family, it is important to understand how
                     the organization defines these product
                     groupings.

                  
                  
                  
                  A best practice is to use a unit of measure that is
                     consistent with the way the organization goes to
                     market, such as units, gallons/liters, or
                     pounds/kilograms. The most important part of this
                     concept is that the S&OP production plan must
                     be stated in a commonly understood unit that can
                     be kept in alignment with the other functional
                     plans.

                  
                  
                  
                  Note that the
                     number of units should be expressed in a way that makes sense for planning
                     at the S&OP level, for example, in individual units, cartons,
                     cases, pallets, barrels, or truck/container loads.

                  
                  

               
               

            
            
            
            
               
               
               Product
                  Families and Product Lines

               
               
               
               
                  
                  
                  Product families and
                     lines need to be established when organizations enter into a new line
                     of business, when they create new products, and so on.

                  
                  
                  
                  A product family (or product group) is defined by the
                     ASCM Supply Chain Dictionary as:

                  
                  
                  
                  
                     
                     
                        A group of products or services that pass through similar processing steps, have similar
                           characteristics, and share common equipment prior to shipment or delivery to the customer.
                           A product family can be from different overlapping product lines that are produced
                           in one factory. This classification is often used in production planning (or sales
                           and operations planning (S&OP)). See: product line.
                        

                     

                  
                  
                  
                  The ASCM Supply Chain
                        Dictionary defines product line as:

                  
                  
                  
                  
                     
                     
                        A group of products associated by function,
                           consumer group, distribution channel, manufacturing characteristics, or price range.
                           The grouping typically reflects the marketing and sales aspects of a product or
                           service (similar in customer needs) and is used in aggregate planning, marketing,
                           costing, and sales planning. See: product family, product group.
                        

                     

                  
                  
                  
                  Note how product families
                     are defined from a production synergies perspective while product
                     lines are defined from a customer-centric perspective.

                  
                  
                  
                  Ideally, product families
                     should

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Be selected so
                           it is convenient for different business functions to forecast and provide
                           accurate data

                        
                        

                     
                     
                     
                     	
                        
                        
                        Be meaningful in terms of volume of sales
                           generated

                        
                        

                     
                     
                     
                     	
                        
                        
                        Be meaningful in terms of production and
                           capacity planning

                        
                        

                     
                     
                     
                     	
                        
                        
                        Help the organization select the appropriate
                           unit of measure per group.

                        
                        

                     
                     

                  
                  
                  
                  Sales and marketing areas group products
                     by their functions or by the customer segments to which they appeal
                     using product lines. Organizations might use these product lines
                     as the basis for how they define product families for S&OP.
                     The rationale is that since products are what the organization provides
                     to customers, families should reflect this “how you get to market,”
                     customer-centric mindset. Under this philosophy, product family
                     groupings should be logical and representative of the way in which
                     products are offered to the marketplace.

                  
                  
                  
                  A common alternative to sales-and-marketing-oriented
                     families is to base product families that should be used in S&OP or production
                     planning on products that have similar production requirements. Essentially, this
                     is
                     placing priority on the third bullet above, on enabling production and capacity
                     planning. These characteristics help establish which units can be produced together
                     or use the same types of capacity. The available capacity of various resources will
                     dictate how much of what can be produced in the available time period. Translating
                     demand for products and services into demand for capacity means that a product
                     family will include all products that use the same routings between the same work
                     centers as well as the same materials, setups and tooling, and cycle times. This
                     allows planning to focus on production volumes and generate a feasible plan without
                     being bogged down in the details.

                  
                  
                  
                  In some cases, products that are similar for marketing
                     purposes will also be similar in their production requirements, so all of the
                     product family goals can be met. In other cases, the sales and marketing product
                     line view and the production product family view will be harder to reconcile. The
                     organization will need to find some common ground for S&OP planning
                     purposes.

                  
                  
                  
                  Note that organizations
                     that make only one product may not need lines or families. They
                     can plan at a high level using units.

                  
                  
                  
                  Note also that product families and lines are part of a
                     larger structure called the product/service hierarchy. The ASCM Supply Chain Dictionary defines the product/service hierarchy as:

                  
                  
                  
                  
                     
                     
                        In sales and operations planning (S&OP), a general approach to dividing products or
                           services into families, brands, and subfamilies for various planning levels. This
                           ensures that a correct top-down or bottom-up approach is taken to grouping (or aggregating)
                           demand at each subsequent level. Forecasts are more accurate the higher up the product
                           hierarchy they are developed; consequently, forecasts should usually be driven down
                           from the top.
                        

                     

                  
                  
                  
                  Empirical evidence shows that six to 12 product
                     families is the optimum number. In Manufacturing
                        Planning and Control for Supply Chain Management, Jacobs argues that more
                     than 12 product families requires too much detail and loses management attention
                     during monthly planning meetings. Data from ASCM also shows that supply chains with
                     less complex product portfolios have significantly higher performance
                     measurements.

                  
                  
                  
                  The range of product family grouping possibilities
                     scales from a low level of detail to a high level. The optimal level
                     of detail needed to make good sales and operations planning decisions
                     is often somewhere in the middle. Below is a list of possible product
                     family groupings in order of least to most detailed:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Total company

                        
                        

                     
                     
                     
                     	
                        
                        
                        Business
                           unit

                        
                        

                     
                     
                     
                     	
                        
                        
                        Product
                           family

                        
                        

                     
                     
                     
                     	
                        
                        
                        Product
                           class (product family subgrouping by functional characteristics)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Product
                           line (product class subgrouping by functional, delivery, cost, or
                           customer requirement similarities)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Product
                           type (product line subgrouping of individual items sharing generic product
                           attributes)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Model/brand

                        
                        

                     
                     
                     
                     	
                        
                        
                        Package
                           size

                        
                        

                     
                     
                     
                     	
                        
                        
                        Stock keeping unit (SKU)

                        
                        

                     
                     
                     
                     	
                        
                        
                        SKU
                           by customer

                        
                        

                     
                     
                     
                     	
                        
                        
                        SKU
                           by customer by location

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Planning
                  Horizon

               
               
               
               
                  
                  
                  Another key planning factor is the planning
                        horizon, defined in the ASCM Supply Chain Dictionary as:

                  
                  
                  
                  
                     
                     
                        The amount of time a plan extends into
                           the future. For a master schedule, this is normally set to cover a minimum of
                           cumulative lead time plus time for lot sizing low-level components and time for
                           capacity changes of primary work centers or of key suppliers. For longer-term plans,
                           the planning horizon must be long enough to permit any needed additions to capacity.
                           See:
                           cumulative lead time, planning time fence.
                        

                     

                  
                  
                  
                  S&OP is a medium-term
                     tactical plan, so it extends far enough out to plan for some types
                     of capacity changes. To this end, S&OP is often conducted on
                     a rolling basis, meaning that as one month is completed, a new month
                     is added to the end and all of the months in between are revised,
                     as needed, given new information or priorities. The S&OP horizon
                     varies depending on the type of product and its timing requirements
                     for capacity changes. A typical horizon might be 18 months. Revisions will
                     typically occur mostly in the medium-term six- to 18-month time
                     frame. Nearer in, changes at the S&OP level are discouraged
                     since this is the getting into master scheduling. (S&OP works
                     best when it stays away from short-term planning.) Further out,
                     the planning horizon may have plans for only those things that take
                     a long time to acquire or develop.

                  
                  
                  
                  This iterative method is designed to allow
                     plans to remain living and realistic documents that can achieve
                     organizational objectives. In this way, the S&OP process forces
                     management to look at its functional areas in the context of the
                     business as a whole, at the needs of major customers, and at external
                     events such as the state of the economy at least monthly. It also
                     gets the organization to incorporate feedback from its activities,
                     such as actual demand rates and forecast error or actual responses
                     to marketing tactics.

                  
                  
                  
                  The
                     planning horizon should extend far enough into the future to cover the sum of all
                     lead times, including finishing lead time from the beginning to the end of the
                     manufacturing process, and through delivery to the final distribution point. Finishing lead time is defined by the ASCM
                        Supply Chain Dictionary as:

                  
                  
                  
                  
                     
                     
                        1) The time that is necessary to
                           finish manufacturing a good after receipt of a customer order. 2) The time allowed
                           for completing the good based on the final assembly schedule.
                        

                     

                  
                  
                  
                  In addition to
                     covering the entire production cycle, the S&OP horizon needs
                     to be at least as long in periods, usually months, as the annual
                     business plan. It also needs to include additional months (for example,
                     three to six) to cover the period between the start of the business
                     planning cycle in the last half of the current fiscal year and the start
                     of the next fiscal year.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Manufacturing and Service Environments
               and S&OP

            
            
            
            
               
               
               Just
                  as tradeoffs impact the S&OP process, so do the different manufacturing environments.

               
               

            
            
            
            
               
               
               Manufacturing Environments and S&OP

               
               
               
               
                  
                  
                  Before an organization can begin to look
                     at the impact of different environments on S&OP, it must identify
                     all the aggregate sources of demand that could/will impact its operations.

                  
                  
                  
                  When
                     the appropriate manufacturing process—a structural choice—is selected
                     based on the characteristics of the products that have been designed,
                     the manufacturing process type is then arranged to support the manufacturing
                     environment: make-to-stock, make-to-order, assemble-to-order, or
                     engineer-to-order.

                  
                  
                  
                  The
                     type and amount of data available to support the sales and operations
                     planning process depends on the manufacturing environment. Exhibit 2-9 details
                     the information needed for S&OP by manufacturing environment.

                  
                  
                  
                  
                     Exhibit 2-9: S&OP and Manufacturing Environments
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Manufacturing
                                          Environments

                                       
                                       
                                    
                                    

                                 
                                 
                              
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          Engineer-to-order (ETO)
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          Make-to-order (MTO)
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          Assemble-to-order (ATO)
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          Make-to-stock (MTS)
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          Information needed for S&OP
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Product specifications
                                          from customer, engineering capacity needed, project schedule

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Demand forecast (product
                                          family), design/material specifications from engineering

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Demand forecast (product
                                          family), accurate configuration options

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Demand forecast (product
                                          family)

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                  
                  
                  
                  As
                     expected by the different processes involved, each manufacturing
                     environment uses different units of measure in its planning process:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Engineer-to-order—engineering
                           labor hours

                        
                        

                     
                     
                     
                     	
                        
                        
                        Assemble-to-order—machine and labor hours

                        
                        

                     
                     
                     
                     	
                        
                        
                        Make-to-order—order backlog

                        
                        

                     
                     
                     
                     	
                        
                        
                        Make-to-stock—material supply capacity

                        
                        

                     
                     

                  
                  
                  
                  One of the important
                     functions of S&OP is to be responsive to change. To be effective, S&OP
                     must be able to respond to mid- and long-term changes and developments,
                     such as changes in order quantities from large customers or changes
                     in distribution inventory policies, for example, lot sizes, safety
                     stock, and delivery lead times. The ability of the organization
                     to meet and/or exceed lead times is impacted by design requirements,
                     availability of the components, and availability of resources.

                  
                  

               
               

            
            
            
            
               
               
               Service Environments and S&OP

               
               
               
               
                  
                  
                  Services are usually produced and consumed
                     simultaneously, so there is no such thing as a services inventory.
                     While many services have associated physical inventory that would
                     require planning, when we say that a service is noninventoriable,
                     we are talking about the service part of the product-service package
                     only. The services themselves are often produced using a chase strategy
                     that tries to match the supply of persons and equipment to the demand
                     for the services. Other services use a level strategy and create
                     queues for the service. A planning issue is to ensure that there isn’t
                     a mismatch of personnel versus required equipment since the lack
                     of one part of the resource package can result in unused capacity
                     of the other(s).

                  
                  
                  
                  Some
                     services may be allowed to be customizable, while others offer no customization.
                     Customizable services may resemble ETO or MTO processes to some degree,
                     in that the information needed for S&OP will include a process
                     for estimating the time required for various options or customization
                     specifications plus a demand forecast. Services with no customization
                     will use just a demand forecast, because the amount of time required
                     for the service can be based on predetermined standards.

                  
                  
                  
                  The demand forecast
                     in either case will use labor hours as the unit of measure. (Complex
                     services could create different demand forecasts for different types
                     of labor.) The demand information is then used to determine resource
                     requirements, which in this case would involve determining the required
                     staffing, or perhaps the required number of service kiosks, the
                     amount of needed internet and web page bandwidth, and so on.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Synchronizing
               Supply and Demand

            
            
            
            
               
               
               For an organization to proactively manage its
                  business toward optimal performance, demand and supply must be synchronized
                  or in balance, as illustrated in Exhibit 2-10.

               
               
               
               
                  Exhibit 2-10: Balancing Supply and Demand[image: The S&OP process is depicted as a fulcrum balancing demand and supply. The demand side includes “Demand forecasts” and “Actual orders,” while the supply side includes “Inventory,” “Supply orders,” and “Resources/capacity.”]
               
               
               
               
               If supply exceeds
                  demand, then

               
               
               
               
                  
                  
                  	
                     
                     
                     Inventories increase as a result of the imbalance
                        between production and demand (or there is unused capacity in the case of
                        make-to-order, etc.).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Production rate reductions lead to job
                        layoffs and reduction in plant efficiency.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Profit margins suffer from price cuts and
                        discounting.

                     
                     

                  
                  

               
               
               
               If, on the opposite
                  side of the equation, demand exceeds supply, then

               
               
               
               
                  
                  
                  	
                     
                     
                     Customer service levels fall due to increasing lead
                        times and backorders whenever supply cannot match customer demand for
                        products.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Costs increase because of overtime and
                        the need to expedite shipping at premium transportation rates.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Quality suffers from the rush to ship products.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Profit margins decrease as a result of
                        transportation, labor, and quality problems.

                     
                     

                  
                  

               
               
               
               Balancing supply and demand can occur
                  at the S&OP level as well as at the master scheduling level, as is addressed
                  next. Balancing decisions could create tradeoff situations, so this is also
                  covered.

               
               

            
            
            
            
               
               
               S&OP versus Master Scheduling Role
                  in Synchronizing

               
               
               
               
                  
                  
                  S&OP synchronizes
                     supply and demand at the volume level to help ensure that the production
                     rate is feasible and the order backlog remains reasonable. Master scheduling
                     is used to synchronize supply and demand at the mix level.

                  
                  
                  
                  Rates that impact volume include the overall
                     sales volume (the amount of the product being purchased by customers)
                     and the production rate as well as the following, defined in the ASCM Supply Chain Dictionary:

                  
                  
                  
                  
                     
                     Aggregate
                           inventory:
                        The inventory for any grouping of items or products involving multiple stock keeping
                           units (SKUs). See: base inventory level.

                     
                     Order backlog:
                        A past-due or open customer order yet to be
                           fulfilled. Syn.: backlog.

                     

                  
                  
                  
                  S&OP is most effective when it plans and
                     balances supply and demand at the product family volume level as opposed to the
                     end-item or product mix level. This is in line with the objective of the resource
                     planning process, which is to make sure that key resources are available to meet
                     volume and rate-of-production requirements before the start of production and before
                     the final product mix is known. The ASCM Supply Chain Dictionary defines
                     product mix as: “The control of the individual varieties of items as they are processed through a production
                        facility.”

                  
                  
                  
                  The planning of the end-item mix is appropriately
                     deferred to the master scheduling process. Rough-cut capacity planning assesses in
                     more detail the adequacy of bottleneck or critical resources to accommodate product
                     mix requirements shown in the organization’s manufacturing planning and control
                     system.

                  
                  
                  
                  S&OP maintains the proper balance of
                     supply and demand through early identification of supply and demand
                     imbalances and resource shortages and surpluses and through effective
                     coordination of the functions and tactical plans involved in sales
                     and operations planning.

                  
                  

               
               

            
            
            
            
               
               
               Making Tradeoffs

               
               
               
               
                  
                  
                  S&OP decision making involves making certain that
                     tactical plans in every area of the business are in alignment with the overall view
                     of the company’s business. A key tactical plan for planning and inventory management
                     professionals is the inventory plan or the backlog plan. These set inventory/backlog
                     levels.

                  
                  
                  
                  So what happens when management makes an add-on or
                     changes its strategy? As one might suspect, there is a cascading effect on the
                     tactical plans in the other areas of the organization. Tough decisions need to be
                     made that require tradeoffs. An organization’s non-manufacturing executives are
                     often involved in this decision-making process; therefore, it is important for the
                     plan to be in terms that are meaningful and consistent. Each functional area
                     impacted by the change analyzes the impact of the decision and determines the best
                     alternate plan. Situations where tradeoffs often occur include:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Management decides to expand into a new market after
                           the S&OP production plan has already been developed and authorized. In
                           order to accommodate the expansion request, the production of some other
                           product group would need to be decreased.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Management wants to satisfy all demand in a peak
                           monthly period, but the S&OP production plan shows that it would not be
                           a profitable move. The plan could instead be leveled over the course of a
                           seasonal cycle.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Management wants to measurably improve
                           customer service. S&OP can strive toward that objective but
                           avoid aggregate production in excess of aggregate demand.

                        
                        

                     
                     

                  
                  
                  
                  Before any tradeoffs are made, it is important for top
                     management to fully understand the impact of what is being requested in the context
                     of the sales and operations plan. Rarely is the impact zero; therefore, to make the
                     change requested, something else must be forgone. Once the critical tradeoff
                     decision has been made, the S&OP production plan is updated and serves as the
                     basis for monitoring and controlling manufacturing performance.

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Section B: Aggregate Demand and Supply
            Plans

         
         
         
         
            
            
            
               After completing
                  this section, students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Evaluate the aggregate demand plan, including understanding
                     and assessing the impact of the product portfolio, new product introduction (NPI),
                     and
                     life cycle states 

                  
                  

               
               
               
               	
                  
                  
                  Evaluate demand from all sources 

                  
                  

               
               
               
               	
                  
                  
                  Evaluate the aggregate supply plan and key supply
                     capabilities including evaluating 1) the external supply base, supply footprint,
                     capacities, and risks; and 2) the internal supply capacities, inventory status, and
                     inventory targets 

                  
                  

               
               
               
               	
                  
                  
                  Incorporate product life cycle considerations into the
                     supply plan

                  
                  

               
               
               
               	
                  
                  
                  Develop and validate an aggregate production plan to
                     support the organization’s strategic choices 

                  
                  

               
               
               
               	
                  
                  
                  Evaluate and
                     implement appropriate production strategies based on defined capacity strategies

                  
                  

               
               
               
               	
                  
                  
                  Explain the
                     components of the production plan grid

                  
                  

               
               
               
               	
                  
                  
                  Perform cost-volume-profit analysis and
                     break-even analysis to manage costs and profitability

                  
                  

               
               
               
               	
                  
                  
                  Describe the activities involved in capacity or
                     resource planning

                  
                  

               
               
               
               	
                  
                  
                  Describe the demand and supply factors that
                     affect capacity decisions

                  
                  

               
               
               
               	
                  
                  
                  Contrast lead, lag, and tracking approaches to
                     capacity planning

                  
                  

               
               
               
               	
                  
                  
                  Support marketing and supply chain strategies,
                     including strategies related to the four Ps (product, price, promotion, and place)

                  
                  

               
               
               
               	
                  
                  
                  Evaluate the resource plan to support the aggregate supply
                     plan 

                  
                  

               
               
               
               	
                  
                  
                  Utilize labor schedules and recommend staffing based on
                     human resources (HR) policies, available labor pool, labor skills matrix, and contract
                     labor 

                  
                  

               
               
               
               	
                  
                  
                  Evaluate strategic buffers, including 1) identifying
                     bottlenecks, capacity-constrained resources (CCRs), and supply chain risks; and 2)
                     evaluate types, sizes, and locations of buffers 

                  
                  

               
               

            
            
            
            This section addresses the details of what needs to be considered
               when generating comprehensive demand plans and supply plans. It addresses how to develop
               and
               validate a production plan for a given manufacturing environment and production planning
               method (chase, level, or hybrid), including calculating the financial implications
               of a
               plan. 

            
            
            
            Then we address resource planning for long- to medium-term time frames
               to perform capacity planning first from a perspective of developing or changing capacity
               and
               second from a perspective of validating capacity or altering it within the constraints
               that
               can be achieved during the S&OP level of planning. This includes capacity strategies
               an
               organization can take, such as lead versus lag. We cover alignment of the functional
               and
               operational strategies to the marketing strategy, including a discussion of cost versus
               volume levels. Resource planning as a process to check for required capacity at the
               S&OP
               level covers this process, the role of human resources in resource planning, and use
               of
               strategic buffers.

            
            

         
         
         
         
   
      
         
         
         
         Aggregate Demand and Supply
            Plans

         
         
         
         
            
            
            Here we address the level of aggregation for
               the demand plan and forecast horizons, and then we turn to two vital steps in the
               formation of an aggregate demand plan. These are a product and brand management
               review step and a step validating that all sources of demand have been included in
               the aggregate demand plan. For supply plans, we start with a discussion of key
               supply capabilities and tradeoffs that the aggregate supply plan needs to address.
               After that, a supply planning process is presented.

            
            

         
         
         
         
         
            
            
            Aggregation and Horizons

            
            
            
            
               
               
               Those
                  working in sales and operations planning use forecasts to identify planned sales and
                  product family output and to reconcile functional plans. These forecasts will be in
                  monetary and volume terms at the product family level. Since item-level forecasts
                  are too uncertain to be useful over the S&OP planning horizon, S&OP uses
                  aggregate forecasts that are based on individual product forecasts and are refined
                  using current trend information and marketing data on customers’ future plans that
                  could influence demand. According to the ASCM Supply
                     Chain Dictionary aggregate forecast is defined as:

               
               
               
               
                  
                  
                     An estimate of sales, often time-phased, for a grouping of products or product families
                        produced by a facility or firm. Stated in terms of units, dollars, or both, the aggregate
                        forecast is used for sales and production planning (or for sales and operations planning
                        (S&OP)) purposes. See: aggregate demand, product group forecast.
                     

                  

               
               
               
               The product group
                     forecast is similar to the aggregate forecast and is defined by the ASCM Supply Chain Dictionary as: “A forecast for a number of similar
                     products. See: aggregate forecast, product group.”

               
               
               
               The level of aggregation of forecasts varies by
                  entity. For strategic and business planning, it is in terms of total volume and
                  sales. For sales and operations planning, it is in terms of product family, volume,
                  and sales. For master production scheduling and control, it is in terms of finished
                  products or components (units).

               
               
               
               The forecast horizon needs to be as long as
                  required by the process it supports. For strategic and business planning, the time
                  horizon can be three years or longer—as in the automobile, aerospace, and chemical
                  industries. Data will be at a high level and will be highly qualitative, and a major
                  objective is to determine long-term resource and capacity needs that require a long
                  lead time. For S&OP, the horizon will vary (e.g., 15 to 24 months) but should
                  accommodate issues such as incremental capacity, workforce adjustments, and
                  engineering lead time.

               
               

            
            

         
         
         
         
            
            
            Product/Brand Management from Demand
               Perspective

            
            
            
            
               
               
               The product portfolio needs to be reviewed early in
                  demand management to determine whether the organization’s products and services are
                  still appropriate for the market and the organization. The organization’s products
                  and services form the core of the organization’s brand and value proposition. The
                  organization’s product portfolio is the set of product classifications, families,
                  products, and services that the organization offers. Exhibit 2-11 shows how product and brand management involves a series of
                  verification steps that help ensure that the product portfolio is aligned with the
                  market and the marketing strategy.

               
               
               
               
                  Exhibit 2-11: Product Portfolio Management[image: The diagram illustrates the interaction between various components of a product portfolio and marketing strategy. Go to long description for more details.]
               
                  Source: Ross,
                     Distribution Planning and Control, 3rd
                     edition.
                  

               
                  Go to long description.
                  

               
               
               
               
               The various steps shown in the above process
                  are discussed more next, along with one final validation step, checking that all
                  sources of demand are accounted for. Note that once these aspects of the plan are
                  validated, the plan should also be validated against the logistics plan to ensure
                  that customer service goals can be met.

               
               

            
            
            
            
               
               
               Product Classification Review

               
               
               
               
                  
                  
                  A review of product classifications starts with the big
                     picture. The broadest categories of product classifications are durable goods,
                     non-durable goods, and services. Durable and non-durable goods have physical
                     substance; services are intangible and noninventoriable. (This classification
                     specifically excludes any products associated with the service.) Durable goods are
                     expected to last for an extended time period, while non-durable goods deteriorate
                     quickly and may need to be consumed quickly.

                  
                  
                  
                  The next
                     major classification of physical goods are industrial versus consumer goods,
                     each of which has subcategories, as shown in Exhibit 2-12. The exhibit also lists common rankings of strategic
                     priorities for each type.

                  
                  
                  
                  
                     Exhibit 2-12: Product Classifications and Typical Strategic Priorities
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Product Classification

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Typical Ranking of Strategic Priorities

                                       
                                       
                                    
                                    

                                 
                                 
                              
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          Industrial Goods
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Raw materials and components

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Cost and services related to speed, dependability,
                                          and/or flexibility

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Capital goods (e.g., finished goods, industrial
                                          equipment, automobiles)

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Quality, cost, flexibility (e.g., product features),
                                          and services (speed, dependability, and/or
                                          flexibility)

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Maintenance, repair, and operating (MRO)
                                          materials

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Cost, dependability (e.g., availability), and
                                          speed

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          Consumer Goods
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Convenience goods (e.g., groceries, drug store items,
                                          commodity clothing)

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Cost and dependability

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Shopping goods (e.g., home furnishings, fashion
                                          clothing)

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Quality (including perceived brand quality),
                                          dependability (including service warranty), and
                                          cost

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Specialty goods (e.g., art, high fashion)

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Quality (including brand prestige)

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                  
                  
                  
                  A product portfolio
                     review at this level can look at whether the portfolio is adequately
                     diversified. The review can also look at other factors, such as

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Whether product
                           form (e.g., size, shape, color) fits with the manufacturing and
                           distribution models

                        
                        

                     
                     
                     
                     	
                        
                        
                        Whether product
                           durability, reliability, and replacement rates (frequency of repurchase)
                           are appropriate to the production strategy and distribution channel
                           size/costs

                        
                        

                     
                     
                     
                     	
                        
                        
                        Whether the
                           costs of quality, the degree of customization allowed, and warranty,
                           repair, or training expenses meet customer expectations and
                           organizational cost goals.

                        
                        

                     
                     

                  
                  
                  
                  A review of the appropriateness of the
                     organization’s product family hierarchy and its various levels is also
                     conducted. For example, it may be necessary to change the number of units
                     offered in a case or pallet if this would help profitability as a product enters
                     a different life cycle stage.

                  
                  

               
               

            
            
            
            
               
               
               Product Life Cycle Review

               
               
               
               
                  
                  
                  While product life cycle durations will vary by product and
                     industry, no product is immune to changes in customer demand over time.
                     Therefore, it is important to conduct a life cycle review to determine whether
                     the product has shifted to a new life cycle stage and, if so, to determine how
                     the manufacturing, supply chain, and marketing strategies will need to change.
                     Exhibit 2-13 revisits the product life cycle stages with a comparison
                     of how they relate to market share and market growth.

                  
                  
                  
                  
                     Exhibit 2-13: Product Life Cycle and Market Growth versus Market Share[image: The diagram represents a product life cycle matrix, displaying the relationship between market growth and market share across different stages. Go to long description for more details.]
                  
                     Source:
                        Ross, Distribution Planning and
                           Control, 3rd edition.
                     

                  
                     Go to long description.
                     

                  
                  
                  
                  
                  During introduction, product
                     availability, product volume, and sales volume are low. All three increase
                     during growth, are level in the mature phase, and are low during decline.
                     Therefore, changes in sales volume trends (especially in the absence of macro
                     events such as a change in the economy that would explain the trend change) are
                     a potential indicator that the product is entering a new life cycle stage.

                  
                  
                  
                  When it is determined that a product is
                     entering a new life cycle stage, demand plans need to be altered to reflect the
                     new situation so that supply plans (including supply chain plans) can adapt to
                     the new reality. Since demand for products is often directly impacted by the
                     value attached to associated services, the next area to review is services. In
                     other cases, the services are the main offering, and, if so, a services review
                     would be the main task in this process.

                  
                  

               
               

            
            
            
            
               
               
               Services Review

               
               
               
               
                  
                  
                  A services review needs to determine whether customer
                     perceptions have been changing relative to the service. A review of services
                     such as warranties, technical support, repairs, trade-in allowances, user
                     training, transportation, or bulk-purchase discounts could reveal whether
                     customers perceive the service to be value-added.

                  
                  
                  
                  When a service enters maturity because all competitors are
                     offering it, this is called saturation. Services in saturation still need to be
                     offered, but they will be order qualifiers rather than order winners. This will
                     impact demand unless new services are developed.

                  
                  

               
               

            
            
            
            
               
               
               Brand
                  Strategy and New Product Introduction Review

               
               
               
               
                  
                  
                  The results from the product portfolio, product life
                     cycle, and services reviews are used to determine how to invest the
                     organization’s limited marketing resources. Better information on long-term
                     demand can impact the financial returns expected from marketing campaigns and
                     therefore can affect the decision of whether or how to generate marketing.
                     Perhaps a less expensive form of marketing such as mailings or emails will be
                     all that is warranted. In addition to ensuring that marketing and other expenses
                     will generate more revenue than they cost, there will be more marketing budget
                     left over for new products, which consume marketing funds at a very high
                     rate.

                  
                  
                  
                  Successful new product
                     introduction (NPI) requires market analysis, research and development,
                     marketing, and product phase-in/phase-out plans. NPI attempts to produce
                     entirely new demand in unexpected areas or to build upon previous demand by
                     focusing on the competitive attribute of new product features to enable the
                     product-service package to be differentiated from similar past models or the
                     competition’s offerings.

                  
                  
                  
                  Estimating
                     demand in the introduction or growth phases is especially problematic. An NPI
                     that is entirely new will require significant marketing, but there is no
                     guarantee of how well the sales pitch will convert into actual sales and there
                     is no data for forecasting. The organization will need to rely on qualitative
                     forecasting methods and determine a level of demand that fits within the
                     organization’s risk tolerance levels. If demand is estimated too high, supply
                     will have huge losses. If too low, supply will have inadequate capacity. For the
                     scenario of upgraded products, the situation is somewhat more straightforward,
                     because the demand plan can base forecasts on the prior model’s sales, which are
                     somewhat more reliable.

                  
                  
                  
                  Other life cycle phases have
                     different brand strategies to create or sustain demand. During growth, the brand
                     strategy competitive attributes are availability and quality so that customers
                     are able to acquire the good or purchase it again and provide testimonials.
                     Mature products typically focus on a competitive price and dependability to
                     minimize defections. Products in decline need to find innovative ways to provide
                     availability at a low cost.

                  
                  

               
               

            
            
            
            
               
               
               Sources of Demand to Review

               
               
               
               
                  
                  
                  Once the organization has
                     determined that its product and brand management strategies are adequate
                     (possibly after revisions), the next step is to validate that all sources of
                     demand are being considered. Aggregate demand is the composite of multiple
                     sources of demand, not just of all the various subdivisions of the product
                     families, but there are also unusual sources of demand that should be
                     considered. Failure to account for the full spectrum of demand will result in
                     poor input data and therefore poor sales and operations planning results.
                     Sources of demand to review include

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Market demand: Market demand is estimated using
                           customer demand forecasts by product family,
                           including the impact of internal and supply chain
                           partner promotions and discounts

                        
                        

                     
                     
                     
                     	
                        
                        
                        Customer base demand: Customer orders

                        
                        

                     
                     
                     
                     	
                        
                        
                        Interplant demand and
                           interplant/intracompany transfers, plus the impact
                           of transfer pricing policies (interplant demand is
                           defined in the ASCM
                              Supply Chain Dictionary as: “One plant’s need for a part or product
                              that is produced by another plant or division within the same organization. Although
                              it is not a customer order, it is usually handled by the master production
                              scheduling system in a similar manner. See: interplant transfer.”)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Service related parts: Spare parts orders and forecasts of
                           the same

                        
                        

                     
                     
                     
                     	
                        
                        
                        New product
                           introductions

                        
                        

                     
                     
                     
                     	
                        
                        
                        Internal requirements

                        
                        
                        
                        
                           
                           	
                              
                              
                              Pipeline, buffer, and safety stock build-ups (or
                                 lower demand from their reduction)

                              
                              

                           
                           
                           	
                              
                              
                              Exhibitions and pilot projects

                              
                              

                           
                           
                           	
                              
                              
                              Quality assurance needs (e.g., destructive
                                 testing)

                              
                              

                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Charitable
                           donations.

                        
                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Aggregate Supply Plans

            
            
            
            
               
               
               After introducing the elements of supply plans, key
                  capabilities and tradeoffs with supply plans are addressed. Then product/brand
                  management is revisited, this time from a supply perspective. The impact of new
                  product introductions on supply is also covered.

               
               

            
            
            
            
               
               
               Supply Plan Elements

               
               
               
               
                  
                  
                  An aggregate supply plan
                     includes the following subplans:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Production
                           plan

                        
                        

                     
                     
                     
                     	
                        
                        
                        Inventory plan

                        
                        

                     
                     
                     
                     	
                        
                        Resource plan 

                        
                        
                        
                        
                           
                           	
                              
                              
                              Internal supply capabilities and
                                 constraints

                              
                              

                           
                           
                           	
                              
                              
                              External supply plan
                                 (outsourcing/subcontracting)

                              
                              

                           

                        

                     
                     
                     
                     	
                        
                        
                        Distribution
                           plan

                        
                        

                     
                     

                  
                  
                  
                  These subplans are addressed elsewhere
                     in these materials.

                  
                  
                  
                  In addition to
                     these subplans, a supply plan should have associated metrics and targets to
                     ensure that performance can be measured and to determine which parts of
                     operations are in control and which parts require adjustment.

                  
                  

               
               

            
            
            
            
               
               
               Key
                  Supply Capabilities and Tradeoffs with Supply Plans

               
               
               
               
                  
                  
                  From the internal
                     manufacturing or service supplier perspective, several major issues must be
                     addressed in order to meet customer demand:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Directing the
                           flow of raw materials from suppliers, to work in process, through
                           production, and to finished product and delivery channels to
                           customers

                        
                        

                     
                     
                     
                     	
                        
                        
                        Identifying
                           the delivery lead time customers are willing to accept

                        
                        

                     
                     
                     
                     	
                        
                        
                        Deploying and
                           using production resources: labor, equipment, technology

                        
                        

                     
                     
                     
                     	
                        
                        
                        Having the
                           right design and process to support the transformation process and/or
                           service being offered

                        
                        

                     
                     
                     
                     	
                        
                        
                        Identifying
                           appropriate relationships with other parties in the supply chain,
                           including outsourcing, arm’s-length relationships, partnerships,
                           alliances, and vertical/horizontal integration

                        
                        

                     
                     

                  
                  
                  
                  There are tradeoffs between what the
                     manufacturer or supplier strives for and what the customer desires. Three areas
                     that tend to conflict are customer service levels, the costs of production, and
                     the investment in inventory.

                  
                  
                  
                  Objectives for customer service levels include

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Acceptable lead
                           times

                        
                        

                     
                     
                     
                     	
                        
                        
                        Product that is shipped
                           complete and arrives on time without substitution
                           (The ASCM Supply Chain
                              Dictionary defines substitution as: “The use of a nonprimary product or
                              component, normally when the primary item is not available.”)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Product of the
                           right quality and at the right price.

                        
                        

                     
                     

                  
                  
                  
                  Objectives for the costs of production
                     include

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Minimizing
                           the number of setups

                        
                        

                     
                     
                     
                     	
                        
                        
                        Longer
                           production runs and high utilization

                        
                        

                     
                     
                     
                     	
                        
                        
                        Low cost of
                           materials.

                        
                        

                     
                     

                  
                  
                  
                  Objectives for the investment in
                     inventory include

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Low amount of
                           work in process

                        
                        

                     
                     
                     
                     	
                        
                        
                        High turnover
                           of inventory

                        
                        

                     
                     
                     
                     	
                        
                        
                        Faster
                           throughput.

                        
                        

                     
                     

                  
                  
                  
                  For instance, say that a customer
                     wants a lower product cost. This may require the manufacturer to schedule longer
                     production runs to lower the per-unit cost, which results in a build-up of
                     finished goods inventory, which means that more money is tied up in those
                     products. Or the manufacturer may buy large lot sizes to receive volume
                     discounts but may later face issues due to lower-quality materials and
                     undesirable variations in components. If the items are unusable, the
                     manufacturer or supplier may have to source alternatives or replacements, which
                     will delay the filling of customer orders and be at odds with the objective of
                     delivering the right product at the right time.

                  
                  
                  
                  One way to diminish these conflicts is for the manufacturer
                     to use demand-driven planning (and its subset, demand-driven material
                     requirements planning, or DDMRP), lean, or theory of constraints manufacturing
                     practices. These typically help producers create cost-efficient products while
                     meeting other key performance objectives like speed, quality, dependability, and
                     flexibility.

                  
                  
                  
                  The tactical planning
                     process of S&OP enables an organization to balance customers’ and
                     manufacturers’/suppliers’ competing objectives and resolve
                     conflicts.

                  
                  

               
               

            
            
            
            
               
               
               Product/Brand Management from Supply Perspective

               
               
               
               
                  
                  
                  
                     Exhibit 2-13 shows the product life cycle as it relates to market growth
                     and market share. This time we will look at how the supply plan needs to be
                     responsive to information on changes in demand for products and services.

                  
                  
                  
                  If it is determined that a product
                     has transitioned into a new life cycle stage, the next step is to decide what
                     changes need to be made to the production and supply chain strategies.

                  
                  
                  
                  The production strategy would need to ramp
                     up capacity in the early stages, make production more efficient in the mature
                     stage, and shift either to lower capacity or a different manufacturing
                     environment (e.g., make-to-order) in maturity or decline. Manufacturing
                     environments that enable fast changeovers could enable fulfilling demand for
                     products still in growth or maturity or to help introduce a new product if it is
                     capable of being produced on the same line.

                  
                  
                  
                  The supply channel structure will start out as minimal during
                     introduction, become more and more complex through growth and maturity, and then
                     need to be made much less complex during decline. For example, rather than
                     stocking a retail item in stores, the product could be sold only online so that
                     inventory is carried in only one or a few distribution centers. Note that the
                     most difficult part of arranging the supply chain is actually during the growth
                     phase. This is because demand may be very irregular, especially considering that
                     forecasts may lack reliable data.

                  
                  
                  
                  If
                     a services review indicates that certain services are less in demand, the supply
                     plan might determine ways to alter the services to increase customer
                     satisfaction with them. For example, this might involve changing bulk-purchase
                     discounts to match changes in transportation capacity. During the decline phase
                     of a service, that service may need to be offered in more cost-effective ways.
                     Services may become saturated (become order qualifiers rather than winners), so
                     to keep a competitive advantage, new services will need to be developed on a
                     regular basis. However, services have an advantage in that they can be quickly
                     developed at a low cost, unlike new product introduction.

                  
                  

               
               

            
            
            
            
               
               
               Impact of New Product Introductions on Supply

               
               
               
               
                  
                  
                  As with any change, a new product introduction
                     requires close collaboration with the S&OP process to be successful. As part
                     of the planning, the organization needs to include the new product in demand
                     planning, forecasting, supply management, and production scheduling.

                  
                  
                  
                  The level of investment required for new product introduction
                     is very high and remains high during the growth phase of the product life cycle.
                     If the NPI is a replacement for a product in the decline phase, there needs to
                     be a transition strategy that provides enough time to build or acquire the
                     production capacity (e.g., capital equipment), develop or alter related
                     software, and provide operator and manager training. The plan also needs to
                     determine what to do with the old equipment, such as to sell or repurpose
                     it.

                  
                  
                  
                  From a supply chain perspective,
                     the task is to sell off or eliminate the old inventory, sometimes called “dead
                     stock,” from the entire distribution pipeline. Ideally this process can be
                     planned to occur without incurring substantial losses or write-offs. One example
                     is sale of the goods to a discount retailer specializing in low demand
                     inventory. In addition to outsourcing sales, the organization could outsource
                     service related to the product. If sales and marketing are kept in house,
                     marketing might use the same marketing expenditure to advertise clearance prices
                     for the old inventory while also promoting the features of the new product. In
                     other cases, to reduce market confusion there will need to be a window where one
                     product is discontinued before the new product is introduced.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Production and Inventory Plan
               Development

            
            
            
            
               
               
               
                  Exhibit 2-14
                  shows how production and inventory plans (two major components of the supply plan)
                  flow from organizational strategy and involve creation or review of production
                  strategy, financial plans, and production rates. For ongoing processes, they also
                  involve a review of production performance.

               
               
               
               
                  Exhibit 2-14: Production and Inventory Planning Process[image: The diagram illustrates the relationship between corporate strategies and production processes. Go to long description for more details.]
               
                  Source: Ross,
                     Distribution Planning and Control, 3rd
                     edition.
                  

               
                  Go to long description.
                  

               
               
               

            
            
            
            
               
               
               Production Strategy Review

               
               
               
               
                  
                  
                  The
                     production strategy review starts with a review of the inputs to the
                     S&OP production plan:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Production
                           planning objectives

                        
                        

                     
                     
                     
                     	
                        
                        
                        Aggregate sales
                           plan at the product family level over an extended planning horizon
                           (typically 15 to 24 months) expressed in a common unit of measure
                           (including significant changes to requirements)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Aggregate
                           product family inventory on-hand balances

                        
                        

                     
                     
                     
                     	
                        
                        
                        Product family
                           load profiles (the amount of capacity required)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Capacity
                           profiles (e.g., efficiency, utilization rates) of aggregate work
                           centers

                        
                        

                     
                     
                     
                     	
                        
                        
                        A process to
                           ensure that the master scheduling process can be aligned with the
                           production plan

                        
                        

                     
                     

                  
                  
                  
                  The production strategy review
                     involves selecting or determining the continued appropriateness of the
                     production strategy. The production strategy can be

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Level

                        
                        

                     
                     
                     
                     	
                        
                        
                        Chase

                        
                        

                     
                     
                     
                     	
                        
                        
                        Outsourced/subcontracted

                        
                        

                     
                     
                     
                     	
                        
                        
                        Hybrid.

                        
                        

                     
                     

                  
                  
                  
                  These methods are discussed elsewhere, but in summary

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Level produces
                           stable volume and uses inventory to absorb demand fluctuations such as
                           seasonality.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Chase flexes
                           capacity to meet demand.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Outsourced/subcontracted contracts out either all production or the
                           parts that are above a minimum production level.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Hybrid mixes
                           and matches these options.

                        
                        

                     
                     

                  
                  
                  
                  The organization needs to determine if
                     the chosen method is still appropriate given changes in the aggregate demand
                     plan or changes in other inputs to the plans. The inventory plan review also
                     comes in at this point, because the targeted ending inventory level per plan
                     period and related minimum/maximum levels will impact the viability of a given
                     production strategy. Inventory plan review involves comparing planned period-end
                     balances and minimum and maximum target levels to determine inventory policy
                     violations.

                  
                  
                  
                  Regardless of the degree to which the external supply base
                     is used, the supply base and its footprint (the size and number of
                     the types of intermediaries in the network) need to be reviewed to
                     determine if currently contracted capacity levels are sufficient for
                     the new demand information at an acceptable risk level and cost.
                     Diversification of the supply base can reduce risks but may also
                     increase costs (e.g., less ability to capture quantity or
                     transportation volume discounts). Outsourcing can reduce capacity
                     risks because capacity can be easily adjusted upward or downward
                     without hiring or layoffs, but it creates cost-competitiveness
                     risks.

                  
                  

               
               

            
            
            
            
               
               
               Financial Plan Review

               
               
               
               
                  
                  
                  A financial
                     plan review determines the cost of the resources
                     used to create the desired level of capacity per
                     period as well as the cost of changes to capacity
                     and then determines whether these investments will
                     produce a reasonable return on investment and meet
                     other financial criteria (or be justified in some
                     other way such as being necessary for legal
                     compliance). The cost of transportation, ordering,
                     relationship management, and inspections needs to
                     be part of the review. The degree of competitive
                     advantage the changes should create is also a
                     consideration.

                  
                  

               
               

            
            
            
            
               
               
               Production Rates Review

               
               
               
               
                  
                  
                  Planned
                     production rates are reviewed to determine if
                     there is sufficient aggregate capacity to meet the
                     S&OP production plan’s load requirements.

                  
                  

               
               

            
            
            
            
               
               
               Production Performance Review

               
               
               
               
                  
                  
                  Regular review of planned to actual production
                     enables the supply plan to be proactive to variances.

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Production
            Planning Grid and Production Methods

         
         
         
         
            
            
            Here we introduce
               the production planning grid and show the calculations required
               to complete it. The level, chase, outsourced/subcontracted, and
               hybrid planning methods are addressed, first from a perspective
               of their goals and tradeoffs and then from a high-level cost comparison
               perspective that accounts for inventory holding costs and the cost
               of workforce changes.

            
            

         
         
         
         
         
            
            
            Production Planning

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary
                  defines production planning as:

               
               
               
               
                  
                  A process to develop tactical plans
                        based on setting the overall level of manufacturing output (production plan) and
                        other activities to best satisfy the current planned levels of sales (sales plan or
                        forecasts), while meeting general business objectives of profitability,
                        productivity, competitive customer lead times, etc., as expressed in the overall
                        business plan. The sales and production capabilities are compared, and a business
                        strategy that includes a sales plan, a production plan, budgets, pro forma financial
                        statements, supporting plans for materials and workforce requirements, and so on,
                        is
                        developed. A primary purpose is to establish production rates that will achieve
                        management’s objective of satisfying customer demand by maintaining, raising, or
                        lowering inventories or backlogs, while usually attempting to keep the workforce
                        relatively stable. Because this plan affects many company functions, it is normally
                        prepared with information from marketing and coordinated with the functions of
                        manufacturing, sales, engineering, finance, human resources, etc. See: aggregate
                        planning, production plan, sales and operations planning (S&OP), sales
                        plan.

                  

               
               
               
               The sales and operations planning process results in a
                  sales plan and a production plan. In this course we call the production plan the S&OP
                  production plan to help avoid confusion with the detailed master production schedule.
                  Production planning is thus an output of S&OP. (Or, when S&OP is not used at an
                  organization, production planning takes its place.) Note a few important points from
                  the
                  definition of production planning:

               
               
               
               
                  
                  
                  	
                     
                     
                     Production planning
                        sets overall levels of manufacturing output at the product family
                        level over a horizon of 15 to 18 months, in monthly or weekly time
                        buckets. Details on individual products, options, and so on would
                        not be accurate at this point.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The
                        primary purpose is to set production volume rates and ensure that
                        capacity is available to make that volume.

                     
                     

                  
                  
                  
                  	
                     
                     
                     It
                        is coordinated with other functions and optimizes tradeoffs. (S&OP
                        is one way this coordination can occur.)

                     
                     

                  
                  

               
               
               
               Production planning
                  transforms strategic plans into tactical plans. An important part of
                  this process is to compare the resources that are available to the
                  resources that are needed (called the load). Resources that may
                  be available include inventories of raw materials or finished goods
                  that can be used rather than needing to order or produce them. Resources
                  also include worker and equipment capacities. Thus the primary purpose
                  of production planning is the planning of resources and not the
                  production of an end item. At this level, resource planning will
                  focus on capital-intensive resources and/or resources with long
                  lead times (material, people, equipment, facilities). It is about
                  getting the resources into place before master scheduling needs
                  them for detailed item-level planning.

               
               

            
            
            
            
               
               
               Production Planning Grid

               
               
               
               
                  
                  
                  The objective in developing
                     a production plan is to minimize the costs of carrying inventory,
                     changing production levels, and stocking out (not supplying the
                     customer what is wanted when it is wanted). The basic information
                     needed to build a production plan includes

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Sales plan by period for the planning horizon

                        
                        

                     
                     
                     
                     	
                        
                        
                        Opening inventory

                        
                        

                     
                     
                     
                     	
                        
                        
                        Desired ending inventory

                        
                        

                     
                     
                     
                     	
                        
                        
                        Any past-due customer orders (backorders).

                        
                        

                     
                     

                  
                  
                  
                  S&OP production plans are created and modified from month
                     to month as necessary for each product family using a planning grid or record. Exhibit 2-15 shows an example of an MTS grid with a
                     level production plan.

                  
                  
                  
                  
                     Exhibit 2-15: Make-to-Stock Level Production S&OP Grid[image: A sample MTS level production S&OP grid. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  The
                     elements of a conventional MTS grid include the following.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Period. The minimum recommended
                           planning horizon is from 15 to 18 months. The standard period is
                           one month. Some companies might use quarterly periods after the
                           first nine months and annual periods after 18 months or two years
                           if the planning horizon is more than two years. (These time periods
                           are to be used as a rule of thumb only.)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Rows. The rows
                           are grouped into three sections: sales plan, production plan, and inventory
                           plan.

                        
                        
                        
                        
                           
                           
                           	
                              
                              
                              Sales plan. The
                                 first row of the sales plan section in an MTS grid is the sales
                                 plan. The sales plan is based on the sales forecast plus any modifications
                                 that occurred as part of the S&OP process. The second row represents
                                 actual sales for any months that have already occurred. The third
                                 and fourth rows show the period and cumulative variances between
                                 planned and actual sales. Here the present month is March, so the
                                 actual sales and their variances are not yet available for this
                                 and future months.

                              
                              

                           
                           
                           
                           	
                              
                              
                              Production
                                    plan. The first row of the production plan section is the production plan
                                 generated during S&OP. It represents projected volume based
                                 on level, chase, outsourced/subcontracted, or hybrid production
                                 methods. The second row shows actual receipts into inventory by
                                 period of actual quantities from production or suppliers. The third
                                 and fourth rows show the period and cumulative variances between
                                 planned and actual.

                              
                              

                           
                           
                           
                           	
                              
                              
                              Inventory
                                    plan. The first row of the inventory plan is a calculated field.
                                 It shows planned inventory levels based on sales, production, and
                                 inventory plan data. For February, it was the beginning or planned
                                 inventory of

                              
                              
                              
                              [image: ../images/mathml_id22AJD0U0T2W.png]
                              
                              
                              
                              Once actuals are known,
                                 they are substituted in each part of the calculation. The second
                                 row shows actual inventory levels. The actual inventory at the end
                                 of February is

                              
                              
                              
                              [image: ../images/mathml_id227SEM00BYK.png]
                              
                              
                              
                              The third row shows
                                 the difference (+ or –) between the planned and actual inventory.
                                 In our example, it is +15 units.

                              
                              

                           
                           

                        
                        

                     
                     

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Planning time fence. Changes
                           to production plans that are too near to the present can be extremely
                           disruptive and costly, as they might adversely affect component schedules,
                           deliveries, costs, and capacity plans. For this reason, many organizations
                           create time fences to restrict who has the authority to make changes as
                           plans grow closer to the present. New orders or changes to orders
                           within a planning time fence require the master scheduler’s approval
                           (and even higher approval for a different time fence closer to the
                           present). The key point here is that S&OP needs to restrict
                           itself to planning for periods that are beyond the planning time
                           fence, leaving these nearer-term decisions to the master scheduler.

                        
                        

                     
                     
                     
                     	
                        
                        
                        History. The
                           data shown in first three periods are past period data and often provide
                           a useful perspective on the sales and production plan.

                        
                        

                     
                     

                  
                  
                  
                  Exhibit 2-16 is
                     a grid for made-to-order production. The differences between an
                     MTS grid and an MTO grid include the following:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        MTO history. Shows the backlog
                           (rather than inventory).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Sales plan. Shows
                           expected orders rather than the MTS sales plan’s demand for inventory.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Production
                              plan. Based on order and backlog planning rather than forecasts
                           and inventory planning as in MTS.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Backlog
                              plan. Has a backlog that includes orders waiting to be processed,
                           in production, and waiting to be shipped rather than the inventory
                           plan of MTS.

                        
                        

                     
                     

                  
                  
                  
                  Note that the planning horizon and time
                     fence are the same for MTS and MTO.

                  
                  
                  
                  
                     Exhibit 2-16: Make-to-Order S&OP Grid[image: A sample MTO S&OP grid. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  

               
               
               
               
                  
                  
                  Calculating Backlog

                  
                  
                  
                  
                     
                     
                     Because finished goods inventory usually
                        is not maintained, production needs to balance load and resources so that backlogs
                        are not too high or too low. When backlogs are too high, the lead time for the next
                        customer may become uncompetitive. When backlogs are too low, the production
                        facility is at risk of running out of work.

                     
                     
                     
                     The formula used to calculate backlog is

                     
                     
                     
                     [image: ../images/mathml_id177IEL00K28.png]
                     
                     
                     
                     Note that this is a generic formula. In the
                        grid above, the actual backlog line would use the sales plan bookings for demand and
                        actual production for supply. For the first month, actual backlog would be
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            Production Planning Methods

            
            
            
            
               
               
               The ASCM Supply Chain
                     Dictionary defines a production plan as:

               
               
               
               
                  
                  
                     The agreed-upon plan that comes from the production planning (sales and operations
                        planning (S&OP)) process, which provides the overall level of planned manufacturing
                        output, usually stated as a monthly rate for each product family. The plan represents
                        management’s authorization for the master scheduler to convert it into the more detailed
                        master production schedule (MPS). See: sales plan.
                     

                  

               
               
               
               Production strategies include chase, level,
                  outsourced/subcontracted, and hybrid. Outsourced/subcontracted simply
                  provides capacity, so if the organization is still doing some manufacturing
                  itself, it would use one of the other methods, such as level. For
                  this reason, only the chase, level, and hybrid methods are shown
                  in Exhibit 2-17.

               
               
               
               
                  Exhibit 2-17: Production Planning Methods[image: A line graph shows fluctuations in demand and how each production strategy responds to these changes over time. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               The best production
                  plan method will minimize costs, provide the required level of service,
                  and meet financial and marketing objectives.

               
               
               
               When one production
                  strategy is selected, the organization is said to have a pure strategy
                  for meeting production demand. When a mix of level and chase is
                  used, an organization has a hybrid strategy.

               
               

            
            
            
            
               
               
               Commercial Door Manufacturer’s Forecast
                  and Planning Horizon

               
               
               
               
                  
                  
                  In looking at production planning methods, we
                     will use our commercial door manufacturer case study as an example. The organization
                     has a 12-month planning horizon, with updates every month, and we will focus on just
                     one product family (for simplicity). The organization forecasted demand for one
                     product family at 3,720 units for the year. The forecast demand is shown in the
                     running example by month.

                  
                  

               
               

            
            
            
            
               
               
               Level
                  Production Strategy

               
               
               
               
                  
                  
                  The ASCM Supply
                        Chain Dictionary defines the level production
                        method as:

                  
                  
                  
                  
                     
                     
                        A production planning method that
                           maintains a stable production rate while varying inventory levels to meet demand.
                           Syns.: level strategy, production leveling. See: level schedule.
                        

                     

                  
                  
                  
                  A level strategy, also called production leveling, attempts
                     to consistently produce at an amount equal to average demand and results in a level
                        schedule, defined in the ASCM Supply Chain Dictionary as:

                  
                  
                  
                  
                     
                     
                        1) In traditional management, a production schedule or master production schedule
                           (MPS) that generates material and labor requirements that are as evenly spread over
                           time as possible. Finished goods inventories buffer the production system against
                           seasonal demand. See: level production method. 2) In just in time, a level schedule
                           (usually constructed monthly) in which each day’s customer demand is scheduled to
                           be built on the day it will be shipped. A level schedule is the output of the load-leveling
                           process. Syn.: level production schedule. See: load leveling.
                        

                     

                  
                  
                  
                  The level production strategy sets production (supply) at
                     a fixed rate (usually to meet average demand) and uses inventory to absorb the
                     variations in demand. In Exhibit 2-18,
                     demand rises and falls due to seasonality, but the line showing production is level
                     at 300 units per month. While the sales plan was for annual demand of 3,720 units,
                     there will be a certain amount of beginning inventory and a certain amount of ending
                     inventory, and the net difference is factored into what needs to be produced versus
                     just pulled from inventory. In this example, the level production needs to be 3,600
                     units annually to satisfy the annual demand of 3,720 units since 120 units can be
                     pulled from inventory. (The beginning and ending inventory calculations will be
                     shown elsewhere.) Next, for purposes of S&OP, it is important to keep the
                     planning simple and at a high level, so the annual production plan of 3,600 units
                     can be divided by 12 months for a rate of 300 units per month. Note that the amount
                     made per month will actually vary depending on the number of workdays in each month.
                     That is, a level rate is actually a daily level rate (e.g., if there are 251
                     manufacturing calendar days in this year, the production plan of 3,600 units divided
                     by 251 days per year equals 14.34 units per day), but this will be accounted for in
                     detailed scheduling. (Using more detail here does not improve decision making since
                     you are using aggregated data.)

                  
                  
                  
                  
                     Exhibit 2-18: Level (Production Leveling) Strategy[image: A line graph depicting the relationship between the forecast, inventory plan, and production plan over the course of a year for the level production strategy. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  In
                     this strategy, when production is greater than demand, inventory
                     builds up. When demand is greater than production, inventory is
                     depleted. During periods of low demand, overproduction is stored
                     as inventory that will be depleted in periods of high demand. An
                     inventory buffer of built-up inventory is used to meet customer
                     demand when demand exceeds the production level. The cost of this
                     strategy is the cost of holding inventory, including the cost of
                     obsolete or perishable items that may have to be discarded.

                  
                  
                  
                  This strategy prioritizes
                     production stability. Workers and equipment can be optimized to
                     this level of production so that the utilization rate can be kept
                     high and staffing can be stable, which will help with worker morale.
                     There is no need for excess or idle capacity, and equipment changeover
                     costs can be avoided because production runs can be very long. However,
                     the cost savings from lowering the average production cost per unit
                     may or may not compensate for inventory holding costs, as these
                     costs can be quite high. Also, if the forecast is understated, there
                     may be insufficient inventory for peak periods. Forecast accuracy
                     can become quite an issue when pursuing a level strategy, and many
                     organizations use safety stock (additional inventory held to reduce
                     the chance of stockouts) based on the expected level of forecast
                     error to mitigate the risk of an understated forecast. Safety stock
                     is addressed in more detail elsewhere.

                  
                  
                  
                  Producers of items with highly seasonal
                     demand often pursue this strategy, simply because the inventory
                     holding costs are less than the costs of having to vary production
                     levels, especially when maintaining good labor relations is considered.

                  
                  
                  
                  Exhibit 2-19 lists
                     the benefits and risks associated with using a level production strategy.

                  
                  
                  
                  
                     Exhibit 2-19: Level Production Strategy Benefits and Risks
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                                             Stable
                                                labor costs

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Special
                                                customer requests

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Improved
                                                quality control

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Less
                                                variability to cash flow due to labor and purchases leveling

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Minimized
                                                smoothing costs

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Reduced
                                                cost of hiring

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Stable
                                                workforce

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Cost
                                                of carrying excess inventory

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Subcontracting
                                                or overtime costs

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Backorder
                                                costs

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Cost
                                                of expedited shipping

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Loss
                                                of customer goodwill

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Using
                                                forecast data

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                  
                  

               
               

            
            
            
            
               
               
               Chase
                  Production Strategy

               
               
               
               
                  
                  
                  The ASCM Supply
                        Chain Dictionary defines the chase production
                        method as:

                  
                  
                  
                  
                     
                     
                        A production planning method that maintains a stable inventory level while varying
                           production to meet demand. Companies may combine elements of chase and level strategies
                           to create a hybrid production plan that minimizes total cost over the planning horizon.
                           Syn.: chase strategy.
                        

                     

                  
                  
                  
                  A chase, or demand
                     matching, strategy attempts to match production to the level of demand
                     to avoid the need for inventory, but at the cost of high production
                     variability. This method absorbs variations in demand by hiring
                     and laying off workers. Exhibit 2-20 shows
                     the product family’s forecasted demand for the door manufacturer’s upcoming
                     year. Note how production levels are set to match the month’s demand, which
                     will vary considerably throughout the year and perhaps even on a
                     daily basis if the organization shifts production daily to match
                     actual demand.

                  
                  
                  
                  
                     Exhibit 2-20: Chase (Demand Matching) Strategy[image: A line graph showing the relationship between the forecast, inventory plan, and production plan over the course of a year for the chase, or demand matching, strategy. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  The
                     costs of varying production levels might include the need to hire
                     and lay off workers throughout the year, schedule overtime or short
                     time, carry excess capacity at some times and idle capacity at others,
                     and have a lot of changeovers. However, inventory costs will be
                     very low, or there might not be any inventory. The inventory level
                     is kept as low as can be achieved while maintaining a stable amount.

                  
                  
                  
                  This strategy might
                     be used with lean production to produce units only as actual demand
                     signals are received. Organizations using conventional manufacturing planning
                     and control might use this strategy if it is impossible to stockpile
                     inventory, such as for perishable goods. Organizations that use
                     a chase strategy might have much less fluctuation in demand than
                     shown in this example, or they might have other ways of compensating,
                     such as by having another product family with the opposite seasonality
                     profile.

                  
                  
                  
                  The
                     total cost of these plans will be the cost of carrying inventory plus the cost of
                     changing production levels. During periods of low demand, production is cut back and
                     workers are laid off. During periods of high demand, production is increased and
                     additional workers are hired. This cost is often referred to as a capacity-related
                     cost. The ASCM Supply Chain Dictionary defines
                     capacity-related cost as:

                  
                  
                  
                  
                     
                     
                        A cost generally related to increasing or decreasing capacity in the medium- to long-range
                           time horizon. Personnel costs include the costs of hiring and training direct laborers,
                           supervisors, and support personnel in the areas related to the capacity increase.
                           Equipment purchases to increase capacity are also considered. In contrast, costs related
                           to decreasing capacity include layoffs, the fixed overhead spread over fewer units,
                           the impact of low morale, and the inefficiencies of lower production levels.
                        

                     

                  
                  
                  
                  Any
                     type of organization will have capacity-related costs when there
                     is a sustained shift in demand that requires changing production
                     plans. Capacity-related costs include overtime and shift premiums,
                     hiring and layoff costs, costs for unused capacity, training costs,
                     and so on. Overtime and undertime are common strategies when demand
                     fluctuations are not extreme. A competent staff is maintained, hiring and
                     firing costs are avoided, and small shifts in demand can be met
                     without investing in permanent resources. This approach would not
                     work for industries in which worker skills are scarce or competition
                     for labor is intense, but it can be quite cost-effective during
                     periods of high unemployment or for industries with low-skilled workers.

                  
                  
                  
                  Exhibit 2-21 summarizes
                     the overall benefits and risks associated with using a chase production
                     strategy.

                  
                  
                  
                  
                     Exhibit 2-21: Chase Production Strategy Benefits and Risks
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                                             Changes output capacity to meet demand.

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Low inventory carrying costs.

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             High
                                                smoothing costs.

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Insecure and unhappy employees.

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Overworked
                                                or burnt-out employees.

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Availability of an appropriately skilled workforce.

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Constantly changing short-term capacity.

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Erratic utilization of plant and equipment.

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Overtime
                                                cost premiums reduce profits.

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Overtime
                                                or undertime may be insufficient in themselves.

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                  
                  

               
               

            
            
            
            
               
               
               Outsourced/Subcontracted
                  (Supplemented Minimum-Level) Strategy

               
               
               
               
                  
                  
                  An outsourced or subcontracted production
                     strategy involves contracting out production or purchasing materials
                     from the external supply chain. (Outsourcing and subcontracting
                     are often used as synonyms, but sometimes a distinction is made
                     that outsourcing is meant to be permanent while subcontracting is
                     temporary.) Subcontracting or outsourcing is a feasible alternative
                     if a supplier can reliably meet quality and time requirements.

                  
                  
                  
                  When outsourcing is
                     done as a pure strategy, the organization focuses its core competencies
                     on design and marketing or perhaps retail sales. Manufacturing organizations
                     use outsourcing/subcontracting to some extent in the form of the
                     raw materials they purchase, especially in the case of low-cost
                     commodities. Subcontracting could also be used to supplement items
                     that are primarily produced in-house in order to accommodate a temporary
                     spike in demand or as a backup to address risk of supply failure.

                  
                  
                  
                  When an outsourced/subcontracted
                     strategy is part of a supplemented minimum-level strategy, the organization
                     is using a type of leveling that sets production at slightly above
                     the minimum level of annual demand (just high enough to keep the
                     risk of inventory build-up very low) and then outsources or subcontracts
                     out all excess demand. While any of the strategies might use subcontracting
                     (especially chase), this method will use subcontracting on a regular
                     basis. Subcontracting might mean having suppliers who produce what
                     is needed on demand or who ship from inventory. Exhibit 2-22 shows
                     how subcontracting is used for demand over the minimum level.

                  
                  
                  
                  
                     Exhibit 2-22: Supplemented Minimum-Level Outsourcing/Subcontracting Strategy[image: A line graph showing the relationship between the forecast, inventory plan, and production plan over the course of a year for the supplemented minimum-level outsourcing/subcontracting strategy. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Since this is also a level strategy, all of the benefits
                     to staffing and avoidance of excess or insufficient capacity or multiple changeovers
                     are found in this method. In addition, there is no excess inventory cost because
                     supply should always meet this minimum level of demand. However, purchasing and then
                     reselling products or services to fulfill the remaining demand will tend to result
                     in lower profit margins. There may be quality issues or extra costs for quality
                     control. Also, when contracted supply is not available at the volumes demanded, the
                     organization’s demand management professionals may need to ration supply by raising
                     prices, proposing longer lead times or backorders, or turning away demand (as a last
                     resort). 

                  
                  
                  
                  Problems with a part-time workforce as
                     used in outsourcing/subcontracting include high turnover, accelerated
                     training requirements, less commitment, and scheduling difficulties.
                     It may not be possible to use this strategy if there are production
                     secrets or other proprietary technologies that cannot be risked
                     with outside firms. The strategy is often used in flow (line or
                     continuous) environments when it is not possible to adjust capacity
                     much.

                  
                  

               
               

            
            
            
            
               
               
               Hybrid
                  (Mixed-Model) Production Method

               
               
               
               
                  
                  
                  The ASCM Supply Chain Dictionary defines the hybrid production
                        method as:

                  
                  
                  
                  
                     
                     
                        A production planning method that combines the aspects of both the chase and level
                           production planning methods to minimize the total cost over the planning horizon.
                           Syns.: hybrid manufacturing process, hybrid strategy. See: chase production method,
                           level production method, production planning methods.
                        

                     

                  
                  
                  
                  The mixed-model
                     or hybrid production strategy is a blended method in which production
                     levels run at or close to full capacity during part of the planning
                     period and at a lower level during the other part. In most instances,
                     the hybrid production method uses the best of the level and chase
                     production strategies, possibly with some amount of subcontracting
                     mixed in.

                  
                  
                  
                  Often
                     a custom solution will be optimal in terms of minimizing costs and
                     meeting other objectives. Exhibit 2-23 shows
                     one possible hybrid strategy, where production is at one level during
                     peak demand periods and at a lower level during nonpeak demand periods.
                     Here, this is the average demand level for the periods in question.
                     Lego® building blocks
                     are produced using this two-stage leveling hybrid strategy. They operate
                     their plant using one shift for part of the year and then add a
                     second shift to prepare for the holiday season.

                  
                  
                  
                  
                     Exhibit 2-23: Example of Hybrid Strategy[image: A line graph showing the relationship between the forecast, inventory plan, and production plan over the course of a year for the hybrid strategy. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Hybrid
                     methods generally seek to match demand to some extent and to smooth
                     out production to some extent. They may or may not use subcontracting
                     to supplement production, and, if they do, it may be in only certain
                     periods. In order for such a strategy to be the optimum method,
                     good forecast accuracy and/or holdings of safety stock are still
                     required.

                  
                  
                  
                  Developing
                     a mixed production strategy is most efficiently accomplished using
                     a trial-and-error approach based on the actual situation and the
                     options that are available.

                  
                  
                  
                  Exhibit 2-24 lists
                     the overall benefits and risks associated with using a hybrid production
                     strategy.

                  
                  
                  
                  
                     Exhibit 2-24: Hybrid Production Strategy Benefits and Risks
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            Production Planning Cost Calculations

            
            
            
            
               
               
               The
                  S&OP production plan is the tactical plan specifying how production will be carried
                  out
                  over the medium term. It will be tied back to strategy and the manufacturing business
                  plan
                  because it is a consensus plan developed in sales and operations planning. Production
                  plans
                  are used to track total production by volume and by cost as well as to determine the
                  degree
                  to which other goals, such as cycle times or sustainable manufacturing goals, were
                  met.
                  Production plans will specify ending inventory targets per period (these targets could
                  be
                  set at zero) as well as inventory carrying costs. The plan will follow a given production
                  strategy (e.g., chase) for a given manufacturing environment (e.g., make-to-order),
                  process
                  type, and layout. It might determine the rate of production per day in advance or
                  allow it
                  to shift throughout the year as demand information becomes available.

               
               
               
               In general, S&OP production plans require the
                  following information as inputs:

               
               
               
               
                  
                  
                  	
                     
                     
                     Sales plan including
                        backorders (orders late for delivery) broken down by planning bucket period

                     
                     

                  
                  
                  
                  	
                     
                     
                     Opening inventory (or
                        opening backlog) if leveling production

                     
                     

                  
                  
                  
                  	
                     
                     
                     Targeted ending inventory
                        (or projected backlog) if leveling production

                     
                     

                  
                  

               
               
               
               Exhibit 2-25
                  shows a comparison of the level, chase, and hybrid methods for MTO or MTS environments.
                  The
                  outsourced/subcontracted method is not shown.

               
               
               
               
                  Exhibit 2-25: Production Planning Methods Summary
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                                          Inventory
                                             builds up when supply exceeds the level of demand.
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                                             of built-up inventory is used to meet customer demand when demand exceeds
                                             the production level.

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          The rate
                                             of production matches the rate of demand.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          This
                                             method minimizes inventory build-up.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Frequent
                                             changes result in workforce adjustment costs and setup cost
                                             increases.

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    This is a compromise method in which production levels run at
                                       close to full capacity during part of the planning period and at a lower level
                                       during the other part.

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               
               
               Because these plans can become quite complex, we will
                  first demonstrate one of the simpler varieties—a make-to-stock production plan with
                  a level
                  strategy—before getting into a more-detailed scenario.

               
               

            
            
            
            
               
               
               Commercial Door Manufacturer’s MTS Level Production
                  Plan

               
               
               
               
                  
                  
                  We will assume that the commercial door manufacturer has
                     reason to believe that its forecast will be fairly accurate because demand is fairly
                     stable (it has predictable seasonality and the trend is slightly downward but stable),
                     so
                     a level strategy will be used. Make-to-stock will work for the organization’s standard
                     doors (it uses MTO for its custom doors) because the required delivery time is shorter
                     than the manufacturing lead time, there are deliberately few product options, and
                     the
                     product has a long shelf life. Exhibit 2-26 shows
                     the organization’s annual product family sales plan per month as well as the total
                     annual
                     demand in the final column. It also includes the opening inventory for the end of
                     the
                     prior year (shown as the ending inventory for month 0 in this and the later example
                     since
                     the last period’s ending inventory is the next period’s beginning inventory) as well
                     as
                     the targeted ending inventory (shown in month 12). Assume that there are no
                     backorders.

                  
                  
                  
                  
                     Exhibit 2-26: Initial Information for MTS Level Production Plan[image: A table showing the sales plan, production (leveled), and ending inventory for Family A: Vandalproof Commercial Doors, In-Stock All-Glass, across a 12-month period. Please go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  The first step in developing this plan is to sum
                     the sales to find the annual total (3,720). Next, the planner determines the projected
                     beginning inventory for the period and sets a target ending inventory. In this case,
                     demand is on a downward trend, so the decision is to end with 400 units of inventory
                     rather than 520 units.

                  
                  
                  
                  In a make-to-stock level production plan,
                     production per time period is not simply the average period demand. Instead the opening
                     and targeted inventory levels are taken into account using the following calculation:

                  
                  
                  
                  [image: ../images/mathml_id174PA0V0G4C.png]
                  
                  
                  
                  Now that beginning and ending inventory have been
                     accounted for, total production is averaged by dividing by the number of periods,
                     or 3,600
                     divided by 12 equals 300 units per month. Since production is leveled, the amount
                     to enter
                     into each production field is 300 units. Next, the ending inventory per period is
                     calculated. If there is ending inventory in any period that is below the amount set
                     for
                     the family in the minimum inventory policy, adjustments will need to be made. Ending
                     inventory is calculated as follows. (For the first period, the prior period ending
                     inventory will be the opening inventory; this is calculated below.)

                  
                  
                  
                  [image: ../images/mathml_id174ID0V0826.png]
                  
                  
                  
                  Exhibit 2-27 shows production and ending inventory calculated for each period as
                     well as the average inventory per period.

                  
                  
                  
                  The ASCM Supply Chain
                        Dictionary defines average inventory as:

                  
                  
                  
                  
                     
                     One-half the average lot size plus the
                           safety stock, when demand and lot sizes are expected to be relatively uniform over
                           time. The average can be calculated as an average of several inventory observations
                           taken over several historical time periods. For example, twelve-month ending
                           inventories may be averaged. When demand and lot sizes are not uniform, the stock
                           level versus time can be graphed to determine the average.

                     

                  
                  
                  
                  Average inventory is calculated as follows:

                  
                  
                  
                  [image: ../images/mathml_id227TA0A0BY4.png]
                  
                  
                  
                  
                     Exhibit 2-27: Completed MTS Level Production Plan[image: A table outlining the sales plan, production (leveled), ending inventory, and average inventory for Family A: Vandalproof Commercial Doors, In-Stock All-Glass, over a 12-month period. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Note that the inventory does get low in the spring
                     and early summer, but there are no stockouts, so this is considered a workable plan.

                  
                  
                  
                  Next we need to determine the inventory carrying
                     cost of this plan. There are two ways that carrying cost rates might be calculated.
                     One
                     way is to calculate a rate that is based on ending inventory levels per period; another
                     is
                     to calculate a rate based on average inventory levels per period.

                  
                  
                  
                  In the first method, you would multiply the ending
                     inventory for the period by the ending inventory carrying cost rate per period. The
                     sum of
                     these, say, monthly costs would then be the total cost for the year. For example,
                     if the
                     ending inventory carrying cost rate is $9 per unit per month, this rate would be
                     multiplied by each period’s ending inventory, for example, for period 1 it would be

                  
                  
                  
                  [image: ../images/mathml_id227TA0HE0HT.png]
                  
                  
                  
                  Each period would be separately calculated, and the
                     costs could be summed to find an annual total of these costs.

                  
                  
                  
                  Let’s instead assume that the carrying cost rate is
                     $10 per month per unit and this is based on average inventory.

                  
                  
                  
                  Carrying cost using an average carrying cost rate
                     is calculated by multiplying the average inventory per period by the average inventory
                     carrying cost rate and then summing the period costs, for period 1, for example

                  
                  
                  
                  [image: ../images/mathml_id227TAN00YY4.png]
                  
                  
                  
                  The same is done for each period. The result of
                     these calculations will be as follows:

                  
                  
                  
                  [image: ../images/mathml_id227TB090R5Z.png]
                  
                  
                  
                  Note that if you instead find the annual average
                     inventory level by summing last year’s ending inventory of 520 units and this year’s
                     ending inventory of 400 units and then dividing by two, you get an average annual
                     inventory of 460 units. Since this is an annual average, the carrying cost rate also
                     needs
                     to be an annual cost, so

                  
                  
                  
                  [image: ../images/mathml_id227TB0IN0UI.png]
                  
                  
                  
                  [image: ../images/mathml_equation-block_cwt_15p_jdc.png]
                  
                  
                  
                  This cost estimate differs because it doesn’t
                     factor in the mid-year drop in inventory to very low levels. Since we are trying to
                     assess
                     the true costs of these strategies, we will use the $29,200 cost estimate. Note that
                     carrying cost is often calculated against the average value of the inventory rather
                     than
                     average inventory in units. This method will be covered shortly.

                  
                  
                  
                  If the plan had stockouts, then either the monthly
                     level might be changed or production levels might be changed for part of the year
                     (making
                     it a hybrid strategy). Changes such as these would increase the cost of the plan.
                     Since
                     these things were not necessary and there is no cost associated with changing production
                     levels, the $29,200 is the total cost of the plan in our example. Note that if safety
                     stocks are held, they are typically deducted from the opening and ending inventory
                     prior
                     to calculating the level production value. This is done to prevent distortion of that
                     calculation, which would otherwise result in a higher production value than would
                     be
                     required. The carrying cost for this safety stock would add to the total cost.

                  
                  

               
               

            
            
            
            
               
               
               Level and
                  Chase Detailed Calculation Scenario

               
               
               
               
                  
                  
                  Next we’ll examine how to calculate level and chase production using
                     a more-detailed method. We’ll also look at an example, using a different company’s
                     planning information as provided in Exhibit 2-28,
                     which follows.

                  
                  
                  
                  
                     Exhibit 2-28: Company Planning Information
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Company Planning Information

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Unit of Measure

                                       
                                       
                                    
                                    

                                 
                                 
                              
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Annual forecast

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       4,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Units

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Beginning inventory

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Units

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Level ending inventory

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1,400

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Units

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Chase ending inventory

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       50

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Days of supply

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Hybrid ending inventory

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Units

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Quarterly inventory holding cost per unit

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $40

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Dollars

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Quarterly production per worker

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       100

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Units

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Employee productivity per day

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1.593625

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Units per day

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Current number of workers

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       10

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Workers

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       HR costs per hire or layoff

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $4,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Dollars

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Quarterly wages per worker

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $6,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Dollars

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Number of working days in year

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       251

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Days

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Average working days per quarter

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       63

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Days

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Forecast for Y2, Q1 (for chase)

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       400

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Units

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                  
                  
                  
                  Note: In the formulas for calculating level and chase
                     production, T stands for the current time period, T + 1 is the next time period, and
                     T – 1
                     is the previous time period. Note also that an average number of working days per
                     quarter
                     is used here to keep calculations simple for S&OP planning purposes. (The actual
                     number of days in each quarter will differ somewhat, but this is too detailed at this
                     broad planning stage.)

                  
                  

               
               

            
            
            
            
               
               
               Calculating Level
                  Production

               
               
               
               
                  
                  
                  The steps to calculate a
                     level production plan with a constant number of employees and a target level days
                     of
                     supply at the end of the planning horizon are as follows.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        
                           Step 1:
                              Calculate the level production and number of employees needed.
                           

                        
                        

                     
                     

                  
                  
                  
                  [image: ../images/mathml_id177J80D0INP.png]
                  
                  
                  
                  [image: ../images/mathml_equation-block_ef5_vgz_ddc.png]
                  
                  
                  
                  [image: ../images/mathml_id177J80H08L2.png]
                  
                  
                  
                  [image: ../images/mathml_equation-block_j5l_qhz_ddc.png]
                  
                  
                  
                  [image: ../images/mathml_id177J80J0T5C.png]
                  
                  
                  
                  [image: ../images/mathml_equation-block_vqk_xhz_ddc.png]
                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        
                           Step 2:
                              Calculate ending inventory levels and days of supply.
                           

                        
                        

                     
                     

                  
                  
                  
                  [image: ../images/mathml_id177J80VI0TL.png]
                  
                  
                  
                  [image: ../images/mathml_equation-block_qsn_g3z_ddc.png]
                  
                  
                  
                  [image: ../images/mathml_id177J80VI0LT.png]
                  
                  
                  
                  [image: ../images/mathml_equation-block_rqh_r3z_ddc.png]
                  
                  
                  
                  [image: ../images/mathml_equation-block_jlf_jjz_ddc.png]
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                           Step 3: Calculate remaining costs and sum them by quarter
                              and by line item.
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                  Exhibit 2-29
                     displays the completed calculations for level production. This 107 days of inventory
                     (rounded) is how many days the quarter 1 inventory would last during quarter 2 and
                     beyond
                     if no more inventory was produced.

                  
                  
                  
                  
                     Exhibit 2-29: Level Production Plan
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Leveled Production Plan: Family A

                                       
                                       
                                    
                                    

                                 
                                 
                              
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          Quarter
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          0
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          1
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          2
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          3
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          4
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          SUM
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Forecast

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       400

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       600

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          4,000
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Production (leveled)

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1,100

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1,100

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1,100

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1,100

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          4,400
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Ending inventory

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1,700

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1,800

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2,300

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1,400

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          7,200
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Days of supply

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       107

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       113

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       144

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       88

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Change in production

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       100

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       0

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       0

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       0

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Change in workers

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       0

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       0

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       0

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Number of workers

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       10

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       11

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       11

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       11

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       11

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Inventory holding

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $68,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $72,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $92,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $56,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          $288,000
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       HR change costs

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $4,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $0

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $0

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $0

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          $4,000
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Wages

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $66,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $66,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $66,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $66,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          $264,000
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Total cost

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          $138,000
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          $138,000
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          $158,000
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          $122,000
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          $556,000
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                  
                  

               
               

            
            
            
            
               
               
               Calculating Chase
                  Production

               
               
               
               
                  
                  
                  In a make-to-stock chase
                     strategy, the production will match the demand, but only after adjustments are made
                     related to opening inventory and desired ending inventory. Rather than having an opening
                     and an ending inventory, MTO environments have an opening backlog and a projected
                     backlog
                     that consist of unfilled customer orders that are not yet overdue. New orders are
                     added to
                     the end of this queue. The scenario that follows presumes an MTS chase strategy.

                  
                  
                  
                  Let’s walk through what we need to do conceptually
                     before getting into the math. The primary goal of an MTS chase strategy is to keep
                     inventory levels very low since this is the envisioned benefit. Therefore, rather
                     than
                     starting with a known production rate and calculating period inventory levels as is
                     done
                     for level, with MTS chase we will be starting with a planned inventory level and then
                     determining the required production. The planned inventory level can be set by policy
                     in
                     this case, for example, at the safety stock level. However, since this method is often
                     used in environments with dynamic demand fluctuations, setting the minimum inventory
                     or
                     safety stock level at a fixed amount could result in too much safety stock in some
                     periods
                     and not enough in others. Therefore, a common way to allow inventory minimums to fluctuate
                     is to determine a target number of days of supply.

                  
                  
                  
                  Exhibit 2-30 shows the first portion of a chase production plan. This plan makes
                     the following assumptions:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Production in each
                           quarter is based on sales in the next quarter.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Days of supply at the end
                           of each quarter are the days of supply for the next quarter.

                        
                        

                     
                     
                     
                     	
                        
                        
                        A spreadsheet application
                           is used to make the calculations. (Values are not rounded off for interim
                           calculations; only the final values display rounding.)

                        
                        

                     
                     

                  
                  
                  
                  
                     Exhibit 2-30: Partial Chase Production Plan
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Chase Production Plan: Family A

                                       
                                       
                                    
                                    

                                 
                                 
                              
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          Quarter
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          0
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          1
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          2
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          3
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          4
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          SUM
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Forecast

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       400

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       600

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       4,000

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Production (chase)

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       194

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       683

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1,711

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       730

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       3,317

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Days of supply

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       50

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       50

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       50

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       50

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       50

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Ending inventory

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       794

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       476

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1,587

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       317

                                       
                                       
                                    
                                    
                                    
                                    	 
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                  
                  
                  
                  Since days of supply is how long
                     inventory will last if you produce nothing and just sell off your inventory, let’s
                     see how
                     long the beginning inventory of 1,000 units in period 1 will last. (This is the period
                     0
                     ending inventory.)

                  
                  
                  
                  [image: ../images/mathml_id227TDL002PF.png]
                  
                  
                  
                  No production is yet
                     necessary, but the chase plan has a policy to end the period with at least 50 days
                     of
                     supply for the next period, so we need to calculate how much that is to see if 600
                     units
                     is enough. Let’s take these 600 units of projected available balance to quarter 2,
                     where

                  
                  
                  
                  [image: ../images/mathml_id227TE060UXW.png]
                  
                  
                  
                  Since this is a
                     negative value, production is necessary.

                  
                  
                  
                  The
                     units per day is calculated as follows:

                  
                  
                  
                  [image: ../images/mathml_id227TE0A0NBI.png]
                  
                  
                  
                  If the policy is to
                     keep 50 days of sales per quarter in safety stock, then this would be

                  
                  
                  
                  [image: ../images/mathml_id227TE0GC0BI.png]
                  
                  
                  
                  Now we can calculate
                     the quarter 1 production:

                  
                  
                  
                  [image: ../images/mathml_id227TE0Q80BF.png]
                  
                  
                  
                  Subtracting the 600
                     units of beginning inventory (if nothing new is produced) from the 794 units of ending
                     inventory equals 194 units of production to get to that target ending inventory level,
                     as
                     is shown in the quarter 1 chase production plan.

                  
                  
                  
                  The steps to calculate a chase production plan with a fluctuating
                     number of employees based on maintaining a target level of 50 days of supply per quarter
                     are as follows. (This includes examples of how to calculate the Q3 values.)

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        
                           Step 1:
                              Calculate end-of-period inventory target values.
                           

                        
                        

                     
                     

                  
                  
                  
                  [image: ../images/mathml_id177J8J0J0R2.png]
                  
                  
                  
                  [image: ../images/mathml_id18A1B0401Y4.png]
                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        
                           Step 2:
                              Calculate the operations plan in units.
                           

                        
                        

                     
                     

                  
                  
                  
                  [image: ../images/mathml_id177J8J0J0E6.png]
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                           Step 3:
                              Calculate the number of employees required.
                           

                        
                        

                     
                     

                  
                  
                  
                  [image: ../images/mathml_id177J8M0K0JD.png]
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                           Step 4:
                              Calculate hires and fires (layoffs) each period.
                           

                        
                        

                     
                     

                  
                  
                  
                  [image: ../images/mathml_id177J8M0K0HR.png]
                  
                  
                  
                  Exhibit 2-31 displays the completed calculations for the chase production cost analysis.
                     Note that hires and fires are calculated in a slightly different way below, but they
                     arrive
                     at the same result (i.e., fires are showed using minus signs). Note also that inventory
                     holding costs are calculated by multiplying the ending inventory per quarter by the
                     inventory holding rate, the HR change costs are calculated by multiplying the hiring/firing
                     cost by the number of hires/fires, and the wages are calculated by multiplying the
                     quarter
                     wage by the number of workers. These data are found in the company planning information
                     presented earlier.

                  
                  
                  
                  
                     Exhibit 2-31: Chase Production Plan
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                                       400

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       600

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          4,000
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Production (chase)

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       194

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       683

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1,711

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       730

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          3,317
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Days of supply

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       50

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       50

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       50

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       50

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       50

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Ending inventory

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       794

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       476

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1,587

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       317

                                       
                                       
                                    
                                    
                                    
                                    	 
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Change in production

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       –806

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       489

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1,029

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       –981

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Number of workers

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       10

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1.9

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       6.8

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       17.1

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       7.3

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Number of hires (fires)

                                       
                                       
                                    
                                    
                                    
                                    	 
                                    
                                    
                                    
                                    	
                                       
                                       
                                       –8.1

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       4.9

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       10.3

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       –9.8

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Inventory holding

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $31,746

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $19,048

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $63,492

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $12,698

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          $126,984
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       HR change costs

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $32,254

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $19,556

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $41,143

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $39,238

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          $132,190
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Wages

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $11,619

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $40,952

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $102,667

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $43,810

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          $199,048
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Total cost

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          $75,619
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          $79,556
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          $207,302
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          $95,746
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          $458,222
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                  
                  
                  
                  Let’s look back now to compare the costs of these two
                     plans. Exhibit 2-32 shows the level
                     costs from the prior example. This analysis shows that chase can save 17.5 percent
                     on
                     production costs if the various assumptions hold true. Note, however, that a practice
                     of
                     regularly hiring and laying off workers can have challenges related to finding and
                     retaining
                     good workers. A qualitative analysis may need to follow the quantitative analysis.

                  
                  
                  
                  
                     Exhibit 2-32: Level Production Plan Costs for Comparison
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Leveled Production Plan: Family A

                                       
                                       
                                    

                                 
                              
                              
                              
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Quarter

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       0

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       1

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       2

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       3

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       4

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       SUM

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Inventory holding

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $68,000

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $72,000

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $92,000

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $56,000

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $288,000

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       HR change costs

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $4,000

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $0

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $0

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $0

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $4,000

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Wages

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $66,000

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $66,000

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $66,000

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $66,000

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $264,000

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Total cost

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                        

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $138,000

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $138,000

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $158,000

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $122,000

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $556,000

                                       
                                       
                                    

                                 
                              

                           

                        
                        

                     
                  
                  

               
               

            
            
            
            
               
               
               Calculating Mixed
                  Production

               
               
               
               
                  
                  
                  Calculating a mixed (hybrid)
                     production plan is complex. Approaches can include
                     trial-and-error, what-if analysis via spreadsheets done by a
                     worksheet power user, or more sophisticated advanced
                     planning software tools, which may leverage AI to automate
                     the trial-and-error and simulation processes to find an
                     optimum solution. To set up one of these methods and enable
                     testing to get this method right, it is recommended that a
                     grid be set up similar to what would be used for chase or
                     level production. One of the key decisions that will need to
                     be made is the decision variables (items allowed to vary
                     during the process).

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Resource Planning for Capacity and Marketing Strategies

         
         
         
         
            
            
            Resource planning is both a tool for planning long-term
               changes in capacity and for checking capacity at the S&OP level. Here we address
               the first of these roles: how to develop capacity. (The next topic addresses using
               resource planning as a capacity check.) 

            
            
            
            Here we address a key question that is answered in the operations
               capacity strategy: How should the organization develop capacity? Determining how to
               alter capacity and where to locate it requires considering various tradeoffs and
               numerous internal and external environmental factors. The answer to these questions
               then results in selecting an approach to changing capacity: lead, lag, or
               tracking.

            
            
            
            Other important aspects of a production or service provision area’s functional
               and operational strategies include ensuring that these plans align with and support
               marketing strategies, including the desired price for the product based on analyses
               such as a break-even analysis. These strategies help operations become capable of
               providing the right product or service at the right place and time to satisfy
               demand.

            
            

         
         
         
         
         
            
            
            Factors Affecting Resource Planning

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary
                  defines resource planning as:

               
               
               
               
                  
                  Capacity planning conducted at the
                        business plan level. Resource planning is the process of establishing, measuring,
                        and adjusting limits or
                        levels of long-range capacity. It is normally based on the production plan but
                        may be driven by higher-level plans beyond the time horizon of the production plan
                        (e.g., the business plan). It addresses those resources that take long periods of
                        time to acquire. Resource planning decisions always require top management approval.
                        Syn.: resource requirements planning. See: capacity planning, long-term
                        planning.

                  

               
               
               
               Resource planning
                  is affected by factors that involve demand (external or market-based)
                  and supply (internal or related to operations resources). You will
                  see each of these forces at work in each capacity planning area.

               
               

            
            
            
            
               
               
               Demand
                  or External Factors

               
               
               
               
                  
                  
                  The basic input into capacity planning is forecast data, but
                     recall that forecasts aren’t always reliable.

                  
                  
                  
                  For example, response
                     to a new product introduction may be greater than forecast. While
                     this may sound like a good kind of problem to have, not having capacity
                     to meet this demand during an introduction can hurt the product’s
                     long-term share of the market. Will it be more profitable to build
                     capacity to meet possible demand or to limit supply (and risk) and
                     possibly drive up prices? The answer will require an understanding
                     of market dynamics and the probable curve line of demand for the product.

                  
                  
                  
                  It is also possible
                     for demand to fall below forecasts. A failure to generate sufficient demand
                     for a new product after significant capacity has been developed
                     could be catastrophic. In the shorter term, demand for a product
                     or service can periodically fall below short-term forecasts. Is
                     this drop temporary or a long-term trend? If it is temporary, does
                     it make sense to adjust capacity downward? That will depend on the organization’s
                     economies of scale and its flexibility in changing levels of production.

                  
                  
                  
                  Operations must
                     also factor in the cost and availability of the capital that will
                     be required to increase capacity. This will directly affect assessment
                     of profitability at different levels of capacity.

                  
                  
                  
                  Market requirements
                     will affect capacity decisions as well, since they affect the weighting
                     of operations’ performance requirements. Are speed and dependability more
                     important than cost? Providing short turnarounds from order to delivery
                     may require a higher level of capacity, or it may argue for locating
                     production in a way that shortens delivery time and thus the overall
                     order time.

                  
                  
                  
                  Risk considerations may also play a role in
                     planning resources. The organization may consider the impact of not being able to
                     meet temporary increases in demand as so severe that it plans ways to create surge
                        capacity, which is defined by the ASCM Supply Chain Dictionary as: “The ability to meet sudden, unexpected
                        increases in demand by expanding production with existing personnel and
                        equipment.” The organization may design resources for greater flexibility—for example,
                     designing production lines for rapid transitions, cross-training employees in
                     different production tasks, investing in equipment with higher potential throughput,
                     or ensuring that labor contracts include overtime provisions.

                  
                  
                  

               
               

            
            
            
            
               
               
               Supply
                  or Internal Factors

               
               
               
               
                  
                  
                  The organization’s decision
                     about sizing itself to meet demand requires that it understand the
                     relationship between its costs, volumes, and profitability. If building capacity
                     to fulfill demand will create excess capacity, the organization
                     must decide if it wants the potential revenue even if it comes with
                     a loss of profitability. Exhibit 2-33 shows
                     the relationship between costs and volume in terms of profitability.

                  
                  
                  
                  
                     Exhibit 2-33: Cost, Volume, and Profitability[image: Graph of cost vs. volume showing a stepped cost curve, a straight upward revenue line, and a vertical dashed line representing demand. The cost curve rises in steps as volume increases and intersects the revenue line near the demand point.]
                  
                  
                  
                  
                  In this case, operations must increase its capacity in
                     order to meet demand. In this organization, the operations function is capable of
                     increasing capacity in a flexible manner, putting portions of its resources online
                     as demand increases. At points A and B, revenue exceeds costs. Resources are bumped
                     up to meet anticipated demand. To reach the forecast demand, however, operations
                     will incur costs that exceed revenue at the likely peak of demand. The organization
                     may indicate that it would rather stop building capacity at point B rather than have
                     excess capacity at point C.

                  
                  
                  
                  The unit cost curve, which shows the relationship between the
                     product’s unit cost and its volume, helps indicate when economies of scale become
                     diseconomies of scale. Economies of scale operate by spreading the fixed costs of
                     an
                     operation over a larger volume. Diseconomies of scale are the point at which the
                     cost per unit stops decreasing and instead begins to increase as volume
                     increases.

                  
                  
                  
                  Exhibit 2-34 shows
                     this concept. Economies of scale depend on the fact that the real maximum
                     capacity may be larger than the theoretical maximum capacity. A
                     plant may operate for longer hours, for example. At a certain point,
                     however, the costs of operating at this higher level of capacity
                     will start to increase—e.g., overtime, postponed maintenance—and
                     the cost per unit will begin to increase. Sometimes capacity can
                     be increased through technology and/or more efficient processes,
                     but eventually operations (or the organization) becomes so large
                     that it encounters other challenges—for example, bureaucracy and
                     difficulty with communication and coordination or less agility in
                     meeting market changes.

                  
                  
                  
                  
                     Exhibit 2-34: Unit Cost Curve and Economies of Scale[image: A U-shaped curve chart illustrating the relationship between unit cost (total cost per volume) and volume, with “Economies of Scale” on the left side of the curve and “Diseconomies of Scale” on the right side, separated by a dashed vertical line.]
                  
                  
                  

               
               

            
            

         
         
         
         
            
            
            Capacity Strategy
               and Planning

            
            
            
            
               
               
                Operations
                     Strategy defines capacity as “the maximum level of value-added
                  activity over a period of time that the operation can achieve under
                  normal conditions.” Right-sizing capacity is a critical issue for
                  operations. If there is not enough capacity, the organization cannot
                  take full advantage of the opportunities to turn demand into revenue.
                  If there is too much capacity, the organization incurs costs related
                  to maintaining the debt burden of creating capacity and to operating
                  idle capacity—costs that may exceed revenue.

               
               
               
               The ASCM Supply Chain
                     Dictionary defines capacity strategy as:

               
               
               
               
                  
                  
                     One of the strategic choices a firm must make as part of its manufacturing strategy.
                        There are three commonly recognized capacity strategies: lead, lag, and tracking.
                        A lead capacity strategy adds capacity in anticipation of increasing demand. A lag
                        strategy does not add capacity until the firm is operating at or beyond full capacity.
                        A tracking strategy adds capacity in small amounts to attempt to respond to changing
                        demand in the marketplace. See: manufacturing strategy.
                     

                  

               
               
               
               In the capacity strategy, as in other types of strategies,
                  capacity is planned, executed, and evaluated. The ASCM
                     Supply Chain Dictionary defines capacity
                     planning:

               
               
               
               
                  
                  
                     The process of determining the amount
                        of capacity required to produce in the future. This process may be performed at an
                        aggregate or product-line level (resource requirements planning), at the
                        master-scheduling level (rough-cut capacity planning (RCCP)), and at the material
                        requirements planning (MRP) level (capacity requirements planning (CRP)). See:
                        capacity management, capacity requirements planning (CRP), resource planning,
                        rough-cut capacity planning (RCCP).
                     

                  

               
               
               
               Capacity planning
                  occurs then at every level in the manufacturing process. High-level capacity
                  planning addresses the entire organization, for all of its product
                  lines in all of its sites.

               
               
               
               Conventionally, the
                  time horizon for the capacity strategy is one to three years. However,
                  in some industries, especially the chemicals industry, the time
                  required to build a new plant might extend beyond the time horizon
                  of a business plan and require the decision to be made at a strategic
                  planning level. For example, a tire manufacturer might require ten
                  years to establish a new rubber plantation and grow the trees to
                  the point where they are viable for commercial rubber production.

               
               
               
               Capacity strategy
                  considerations that relate to facilities also require decisions regarding
                  where to locate the capacity that is needed as well as how many
                  operational sites the organization should have. Should it have fewer
                  but larger sites or more and smaller sites?

               
               
               

            
            
            
            
               
               
               Capacity Tradeoffs

               
               
               
               
                  
                  
                  Customers are unforgiving
                     when it comes to suppliers’ inability to deliver quality products
                     on time. A key way to ensure that customer service expectations
                     are met is with a good capacity planning process in place. On the
                     one hand, organizations must have the capability to fulfill demand.
                     In aligning internal operations with supply chain partners, organizations
                     must assess the level of capacity required by the supply network
                     to meet the needs of its downstream customers over the long term.
                     On the other hand, organizations must have the financial ability
                     to invest in capacity, production, or materials before they are
                     really needed.

                  
                  
                  
                  Another capacity tradeoff is between high utilization
                     and low average costs of large-scale operations and facilities with economies of
                     scale and the customer service and market responsiveness of multiple small-scale
                     operations and facilities. The tradeoff decision depends on the performance
                     objective that best fits the organization’s competitive strategy—for example, low
                     cost or differentiation.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Changing Capacity

            
            
            
            
               
               
               Since capacity cannot be changed
                  instantly, the operations strategy must decide the timing of capacity
                  changes and the size of the increments with which change will be made.

               
               

            
            
            
            
               
               
               Timing
                  of Capacity Change

               
               
               
               
                  
                  
                  There
                     are three generic approaches to timing changes in capacity: the
                     lead capacity strategy, the lag capacity strategy, and the tracking
                     capacity strategy.

                  
                  
                  
                  The lead capacity
                        strategy is defined in the ASCM Supply
                        Chain Dictionary as:

                  
                  
                  
                  
                     
                     
                        Adding capacity to a resource in
                           anticipation of increased future demand to ensure the ability to satisfy market
                           demand when the increase occurs.
                        

                     

                  
                  
                  
                  The ASCM Supply Chain
                        Dictionary defines the lag capacity
                        strategy as:

                  
                  
                  
                  
                     
                     
                        Delaying the addition of capacity until the firm is operating at or beyond full capacity.
                           This keeps unit costs minimized by working at full capacity but risks not satisfying
                           total demand.
                        

                     

                  
                  
                  
                  In the tracking capacity strategy (or smoothing strategy),
                     capacity is added incrementally when demand cannot be met by current capacity and
                     accumulated inventories. The ASCM Supply Chain
                        Dictionary defines a tracking capacity
                        strategy as:

                  
                  
                  
                  
                     
                     
                        Adding capacity in small
                           amounts to attempt to respond to changing demand in real time in the marketplace.
                           This approach may satisfy total demand and help minimize unit costs, but it can be
                           difficult in some situations to add incremental amounts of capacity, especially if
                           the facility has no more space available.
                        

                     

                  
                  
                  
                  These approaches are shown in Exhibit 2-35 and Exhibit 2-36.

                  
                  
                  
                  The operations following
                     the lead approach in Exhibit 2-35 begin
                     to increase capacity before the point at which capacity meets demand—perhaps
                     when a defined inventory point has been reached. The operations
                     applying the lag strategy increase capacity when this point has
                     been reached. All inventory has been exhausted.

                  
                  
                  
                  
                     Exhibit 2-35: Lead and Lag Approach to Changing Capacity[image: A graph showing the relationship between volume (units per week) and time, illustrating lead and lag capacity strategies. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  In Exhibit 2-36,
                     inventory is accumulated during the periods of overcapacity. This inventory
                     is used to cover the periods of undercapacity. When inventory is
                     depleted, inventory is increased.

                  
                  
                  
                  
                     Exhibit 2-36: Tracking Capacity Strategy Approach[image: A graph showing the relationship between volume and time, illustrating periods where capacity either exceeds or lags behind demand. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Lead
                     capacity is often used in the hotel/entertainment industry, since
                     capacity is hard to change later. Low-cost providers of things like
                     commodities often use the lag strategy because efficiency is necessary
                     when margins are low. The tracking strategy is often used when there
                     is supply flexibility, such as if there is readily available contract
                     manufacturing. Machine shops often fit in this category.

                  
                  
                  
                  Each approach has
                     advantages and disadvantages. These are listed in Exhibit 2-37.

                  
                  
                  
                  
                     Exhibit 2-37: Advantages and Disadvantages of Approaches to Capacity Change Timing
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                                          Lead
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Demand
                                                is satisfied, resulting in optimal revenue capture and satisfied
                                                customers.

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Unexpected
                                                small spikes in demand, overly pessimistic forecasts, or drops in capacity
                                                (e.g., because a site is temporarily offline) can be accommodated by
                                                the “lead” output cushion.

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Earlier
                                                timing for capital spending affects cash flows.

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Overcapacity
                                                occurs if demand drops unexpectedly or forecasts are overly optimistic.
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                                             Capacity
                                                is fully utilized, so unit costs are lower.

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Capital
                                                spending is delayed.

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Revenue
                                                loss occurs and risk of lost future sales is created when customer demand
                                                cannot be met.

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             System
                                                cannot absorb increases in demand or drops in capacity.
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                                             All
                                                demand is satisfied.

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Capacity
                                                utilization is high and thus unit costs are lower.

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             System
                                                is moderately flexible to changes in demand or capacity.

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Cost
                                                of inventories detracts from capital resources available for other
                                                purposes.

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Risk
                                                of inventory loss (e.g., obsolescence, theft, damage) increases.

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                  
                  
                  
                  An organization’s decisions about the timing of capacity
                     change are often affected by its financial objectives and opportunities. Adding
                     capacity is capital-intensive, and decisions can be based on objectives about
                     near-term versus long-term profitability.

                  
                  
                  

               
               

            
            
            
            
               
               
               Planning
                  Increments of Capacity Change

               
               
               
               
                  
                  
                  Capacity can be increased in small or large
                     increments. Again, each has advantages. Increasing capacity in large
                     increments creates overcapacity until demand has increased. This
                     increases unit costs. On the other hand, a larger operation offers greater
                     economies of scale. Increasing capacity in multiple small increments
                     is a more flexible approach that decreases the amount of overcapacity.
                     In addition, it provides some protection against an overly optimistic
                     demand forecast; the inaccuracy of the forecast is likely to be
                     detected before the next unit of capacity is added.

                  
                  
                  
                  Exhibit 2-38
                     illustrates the problem with overcapacity when capacity is increased in large
                     increments. On the left side, operations will be increased in three steps to reach
                     a
                     forecast demand of 3,000 units. Overcapacity in each step is the difference between
                     total capacity at that stage (1,000, 2,000, or 3,000) and current demand. In each
                     case, there is an excess capacity of 500 units. On the right side, operations has
                     increased capacity in one step, moving directly to 3,000 units. Overcapacity in this
                     case will be greater over the planning period (2,500 units in the first year, 1,500
                     in the second, and 500 in the third). The latter option might still be the preferred
                     choice, depending on factors such as single-stage construction costs being lower or
                     a strategic decision to be able to capture more market share if demand were to
                     increase faster than the current forecast. Of course, plans can be more nuanced,
                     such as increasing the size of the plant’s physical space footprint in one large
                     leap but adding equipment to that plant in increments.

                  
                  
                  
                  
                     Exhibit 2-38: Effects of Size of Capacity Increase on Overcapacity[image: Diagram comparing two capacity expansion plans over three years, each showing the relationship between demand and excess capacity. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  

               
               

            
            

         
         
         
         
            
            
            Cost-Volume-Profit and Related Analyses

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary
                  defines cost-volume-profit analysis as: “The study of how profits
                     change with various levels of output and selling price.”

               
               
               
               The basic concept of cost-volume-profit (CVP)
                  analysis is that the selling price of a product or service impacts demand to a lesser
                  or
                  greater degree, depending on the item in question. (This is called price elasticity.)
                  The
                  level of demand then affects volume. If lowering a price increases volume sufficiently,
                  it
                  will make up for the lower profit per unit. Conversely, if raising a price does not
                  decrease
                  volume by too much, the higher profit per unit will cover the lost volume.

               
               
               
               This economic concept plus the pressure of global
                  competition means that the price that is set for a product cannot simply be the total
                  cost
                  of producing the product/service plus a desired profit margin. The new assumption
                  is that
                  the price in today’s markets for most industries is either fixed or is falling due
                  to the
                  many alternative global sources of supply customers can access. This means that to
                  sell at a
                  profit, total costs per unit need to be lower than the market-determined price per
                  unit or
                  the product should not be produced. Planners also need to factor in less visible costs
                  such
                  as the costs of shrinkage, variability, unplanned downtime, and so on.

               
               
               
               Next we cover CVP analysis and some related analyses: contribution
                  margin analysis, and break-even analysis.

               
               

            
            
            
            
               
               
               CVP and
                  Break-Even Point

               
               
               
               
                  
                  
                  Marketing and operations may work together to use a cost-volume-profit
                     analysis to determine how their fixed and variable costs interrelate. This will help
                     determine a combination of sales price and sales volumes that should be profitable.
                     Then
                     they will use other types of analysis to determine if that sales volume is an achievable
                     goal. Exhibit 2-39 shows the results of such an
                     analysis, comparing total costs and revenues against unit sales in thousands of units
                     (000s).

                  
                  
                  
                  
                     Exhibit 2-39: Cost-Volume-Profit Analysis[image: A break-even chart with Total Cost Curve and Total Sales Revenue Curve intersecting at the break-even point. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Note the two curves that are compared: the total cost curve and the total
                     sales revenue curve. The total cost curve starts at $2,000,000 in this case (due to
                     the
                     fixed costs) and then moves upward steadily (due to the variable costs related to
                     units
                     sold). The ASCM Supply Chain Dictionary defines a total cost
                        curve as:

                  
                  
                  
                  
                     
                     
                        1) In cost-volume-profit (breakeven)
                           analysis, the total cost curve is composed of total fixed and variable costs per
                           unit multiplied by the number of units provided. Breakeven quantity occurs where
                           total cost curve and total sales revenue curve intersect. See: break-even chart,
                           break-even point. 2) In inventory theory, the total cost curve for an inventory item
                           is the sum of the costs of acquiring and carrying the item. See: economic order
                           quantity (EOQ).
                        

                     

                  
                  
                  
                  Above the break-even sales
                     level, the organization will be profitable; below it, there will be a loss. Note that
                     the
                     total sales revenue curve is based on an assumption of sales prices. Increasing prices
                     will make this curve rise more quickly and shift the break-even point, but because
                     higher
                     prices could reduce unit sales, there will be an optimum price that maximizes profit
                     at an
                     acceptable level of risk (the risk of a loss).

                  
                  
                  
                  The total sales revenue curve in this example starts at $0
                     with no sales and, for each 1,000 units sold, moves up steadily as more revenue is
                     earned.
                     The idea is to find a way to exceed the break-even point, defined in the ASCM Supply
                        Chain Dictionary as:

                  
                  
                  
                  
                     
                     
                        The level of production or the volume of sales at which operations are neither profitable
                           nor unprofitable. The break-even point is the intersection of the total revenue and
                           total cost curves. See: total cost curve, break-even chart.
                        

                     

                  
                  
                  
                  Before showing how this break-even point can be calculated, let’s first explore the
                     concept of a contribution margin.

                  
                  

               
               

            
            
            
            
               
               
               Contribution Margin Analysis

               
               
               
               
                  
                  
                  The concept of the contribution margin (CM) is used in CVP analysis.
                     The ASCM Supply Chain Dictionary defines contribution
                        margin as: “An amount equal to the difference between sales revenue and variable costs, which
                        is used to estimate profitability.” It is what is left to cover fixed costs and (hopefully) profit. CM calculations
                     are
                     represented as follows:

                  
                  
                  
                  [image: ../images/mathml_id174OAM000GI.png]
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                  Let’s use the
                     following information about a product to illustrate contribution margin.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        An organization sells
                           1,000 motor scooters of a particular model in a quarter.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Its unit price is
                           $5,000, so at 1,000 units, the organization’s quarterly revenue is
                           $5,000,000.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Its quarterly variable
                           costs are $1,500 per unit, and at 1,000 units this is $1,500,000.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Its quarterly fixed
                           costs are $2,000,000.

                        
                        

                     
                     

                  
                  
                  
                  The calculations for this example are as
                     follows:
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               Break-Even
                  Analysis

               
               
               
               
                  
                  
                  The ASCM Supply Chain Dictionary
                     defines break-even analysis as: “A study of the number of units or amount of time required to recoup an investment.
                        See: break-even time.” In other words, a break-even (B/E) analysis identifies the point at which fixed
                     costs
                     equal contribution margin.

                  
                  
                  
                  A B/E analysis can be used to determine if a
                     product’s demand (its sales potential at a defined price level) will be sufficient
                     to
                     cover the costs of manufacture. The formula for this analysis starts by setting revenue
                     equal to total cost, where revenue is the unit price times the number of units and
                     total
                     cost is the fixed cost plus the variable cost times the number of units. Since the
                     information we don’t know is the number of units, the formula solves for number of
                     units.

                  
                  
                  
                  The calculations for the break-even
                     point in units is shown below with an example of how the break-even point in units
                     is
                     calculated for the scooters this quarter.
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                  Using the motor
                     scooter example, we can see that at the selling price of $5,000 per scooter and unit
                     contribution margin of $3,500, the B/E point would be 572 units (rounded up to cover
                     the
                     fixed costs for the partial unit). To find the break-even point in dollars, we divide
                     the
                     fixed costs by the contribution margin ratio. In this case the CM ratio is 0.7 or
                     70
                     percent. As shown below, the sales revenue level that reflects this 572 unit break-even
                     point is approximately $2,860,000 in sales.
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                  Note that the value of
                     $2,857,143 is lower than the $2,860,000 point because the latter value is based on
                     rounded-up units. If the sales forecast of annual demand of 5,000 scooters per year
                     is
                     accurate, and if the costs and selling price are projected to continue, the scooter
                     model
                     would be profitable. Break-even would occur at four times the quarterly break-even
                     of 572
                     units, or 2,288 units (slightly fewer if the fractional number of units is multiplied
                     by
                     four and then rounded up).

                  
                  
                  

               
               

            
            

         
         
         
         
            
            
            Marketing and
               the 4Ps

            
            
            
            
               
               
               Marketing represents the
                  needs of customers by specifying both what products and services
                  will be offered and where they will be offered, but it may make
                  many other decisions that affect operations and distribution, so
                  it is a critical stakeholder to consider when setting operations
                  strategy.

               
               
               
               Marketing management is based on marketing strategy, which is defined
                  in the ASCM Supply Chain Dictionary as:

               
               
               
               
                  
                  
                     The plan the marketing function expects to use to achieve its business and marketing
                        objectives in a particular market. The strategy includes marketing expenditures, marketing
                        mix, and marketing allocation.
                     

                  

               
               
               
               Marketing strategy
                  links back to organizational strategy and helps determine what products
                  and services the market actually wants. Marketing management involves implementing
                  this strategy using marketing tools to generate demand. These tools include
                  advertising, trade discounts, and sales force incentives. Since
                  marketing management also involves prioritizing demand, demand-side
                  professionals have levers at their disposal to balance supply and
                  demand when there is a mismatch. If demand outstrips supply for
                  a given product, demand-side professionals can adjust prices or
                  quoted lead times. Increasing a price, for example, will result
                  in products going to those customers who are willing to pay more,
                  and thus the priority goes to those customers. It could also be
                  used to give customers an incentive to choose an alternative product
                  that is in surplus. Increasing the quoted lead time can also enable meeting
                  more of demand, up to a point.

               
               
               
               With some products, one or both of these levers are not
                  really an option, such as for commodity products where consumers are highly
                  sensitive to price increases. Even when there is room to use these levers, overuse
                  of them to balance supply and demand could result in customers going to the
                  competition, so demand-side professionals often want the supply side to correct
                  imbalances using production flexibility and/or inventory holding. Production
                  flexibility, or the ability to alter capacity, may or may not be an economically
                  feasible option. Production flexibility is discussed more as part of the negotiation
                  between demand- and supply-side professionals in sales and operations planning. In
                  the case of inventory holding, marketing management might provide input on the best
                  place for locating the inventory.

               
               

            
            
            
            
               
               
               The Four Ps

               
               
               
               
                  
                  
                  The
                     combination of the tools available to demand-side professionals to determine,
                     promote, and prioritize demand is called the marketing mix, or the four Ps. The ASCM Supply Chain Dictionary defines the four Ps
                     as:

                  
                  
                  
                  
                     
                     
                        A set of marketing tools to direct the business
                           offering to the customer. The four Ps are product, price, place, and
                           promotion.
                        

                     

                  
                  
                  
                  The four Ps of marketing
                     express many of the requirements that marketing sets for production
                     and physical distribution. The following discussion of each of the
                     Ps helps show how the understanding and use of this mix has evolved
                     based on new business models and technologies.

                  
                  

               
               
               
               
                  
                  
                  Product

                  
                  
                  
                  
                     
                     
                     Product includes product and service design to determine the
                        combination of features that will make products into order qualifiers and some
                        competitive differentiators that will hopefully make them into order winners.
                        Product decisions also include selecting brand names, varieties, sizes, grades
                        (e.g., basic or deluxe, light or heavy duty), return and warranty policies, and
                        service levels. Note that grade differs from quality, since even low-grade products
                        should be produced with high quality (e.g., few defects).

                     
                     
                     
                     Marketing has the closest understanding of the
                        customer value proposition and the customer experience and so is a key stakeholder
                        in determining the product characteristics. Operations needs to ensure that products
                        are designed for ease of manufacture and required services are capable of being
                        delivered (e.g., sufficient staffing). Supply chain managers help ensure that
                        products are also designed for ease of shipping and handling. The mix of products
                        sold (their variety) will also affect manufacturing, warehousing, and transportation
                        costs. Product includes services offered, and, if an order qualifier or order winner
                        is fast delivery, this will be a direct requirement for some forms of manufacture
                        other than make-to-stock and a requirement for physical distribution in any
                        manufacturing environment.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Price

                  
                  
                  
                  
                     
                     
                     Price is the price of the product. Price also involves setting
                        credit terms, trade discounts, and allowances (for example, discounts to compensate
                        for quality or delivery issues). Price involves determining the price at which the
                        product will make the highest profit, which is a combination of both the profit
                        margin and the number of units sold at a given price, since higher prices usually
                        tend to reduce units sold. This is especially true for commodities, but many product
                        types exhibit price sensitivity.

                     
                     
                     
                     Since prices are often market-constrained,
                        operations needs to develop a manufacturing or service provision process that can
                        deliver at a low enough cost to leave room for physical distribution costs and a
                        profit margin. Inventory carrying costs are calculated partly based on price, with
                        higher-priced objects getting more management attention for security, materials
                        handling, and so on.

                     
                     
                     
                     Marketing may also decide to use market
                        penetration pricing, accepting a loss (called a loss leader) or low margins to gain
                        market share. Alternatively, the organization could use price skimming, which is
                        setting a high price when you are the only game in town and then dropping the price
                        when competitors enter the market.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Place

                  
                  
                  
                  
                     
                     
                     Place includes both where to sell products and what lead times to
                        offer. This is where the goods will be located for sale, or market geography, the
                        physical distribution channel(s) that will be used to get them there, and the sales
                        channels customers can use to place orders (e.g., online or retail). Decisions
                        include setting inventory policy for distribution inventories and determining what
                        delivery modes will be offered at various combinations of speed, flexibility, and
                        dependability.

                     
                     
                     
                     The location(s) of operations and the scope of
                        distribution can impact distribution costs. The scope of distribution could be
                        local, regional, national, or global, which will require more and more sophisticated
                        management. Each entity in the distribution channel(s) used expects to make a profit
                        and so adds to the total cost. The benefit in terms of more convenient or faster
                        availability to customers needs to be high enough to justify its cost.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Promotion

                  
                  
                  
                  
                     
                     
                     Promotion is the process of generating or increasing demand for
                        the organization’s goods and services. Types include sales promotions, advertising,
                        sales incentives for salespersons/retailers/resellers, campaign management, and
                        public relations.

                     
                     
                     
                     While marketing is responsible for generating
                        demand, being capable of satisfying that increased demand is the responsibility of
                        operations. Operations needs to be prepared to satisfy the higher demand without
                        undue hardship. Channel partners can also be involved in promotion, and so there
                        needs to be direct communication of these promotions back to operations. Promotions
                        can result in increased sales volumes in specific locations, so physical
                        distribution needs information on promotions to plan for inventory to be in the
                        right locations in the right amounts.

                     
                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Resource Planning as Capacity Check, HR, and Strategic Buffers

         
         
         
         
            
            
            Resource planning can be used as a tool for checking capacity at a high level
               and this is addressed here. This process and related bills of resources are
               discussed. We address the role of human resources in resource planning, and
               strategic buffers are also covered.

            
            

         
         
         
         
         
            
            
            Resource Planning

            
            
            
            
               
               
               The first capacity check, resource planning, occurs at the
                  level of the preliminary production plan. 

               
               
               
               Resources are
                  defined as anything that adds value to a product or service in its creation.
                  In manufacturing and services, resources have two important characteristics:

               
               
               
               
                  
                  
                  	
                     
                     
                     The ability to
                        support production and service delivery

                     
                     

                  
                  
                  
                  	
                     
                     
                     The ability to constrain them

                     
                     

                  
                  

               
               
               
               Examples of resources
                  in manufacturing and the supply chain are numerous and include

               
               
               
               
                  
                  
                  	
                     
                     
                     Machinery and
                        equipment

                     
                     

                  
                  
                  
                  	
                     
                     
                     Plant and facilities

                     
                     

                  
                  
                  
                  	
                     
                     
                     Raw materials and manufactured components

                     
                     

                  
                  
                  
                  	
                     
                     
                     Labor

                     
                     

                  
                  
                  
                  	
                     
                     
                     Human capital (knowledge, skills, and expertise;
                        the collective value of an organization’s intellectual capital).

                     
                     

                  
                  

               
               
               
               Checking resources
                  is of interest to multiple areas of an organization. If resources
                  are insufficient, this means that production schedules might not
                  be feasible. This will mean that some demand might not be fulfilled,
                  and sales will suffer, which will in turn reduce revenues. Thus
                  what starts out as an operations concern rapidly affects sales and
                  finance.

               
               
               
               Resource planning is the part of the supply
                  plan that determines how to develop the capacity the production
                  plan calls for. There are two primary objectives when it comes to
                  resource planning:

               
               
               
               
                  
                  
                  	
                     
                     
                     To address the
                        adequacy of resources that have long acquisition or installation lead
                        times to make sure they are available when needed

                     
                     

                  
                  
                  
                  	
                     
                     
                     To evaluate the
                        feasibility of the preliminary production plan generated during S&OP
                        (a capacity check)

                     
                     

                  
                  

               
               
               
               Resource planning compares the quantity of critical
                  organizational resources against the plan and determines, first, whether these
                  resources are sufficient to meet the production plan and, second, how to reconcile
                  any shortfalls in capacity when they are not. Typical adjustments include changing
                  the resources or changing the load on those resources. A primary tool for
                  determining whether there are sufficient resources is a bill of resources.

               
               

            
            
            
            
               
               
               Bill
                  of Resources

               
               
               
               
                  
                  
                  The ASCM Supply Chain Dictionary defines a bill of
                        resources (also called a resource bill) as:

                  
                  
                  
                  
                     
                     
                        A listing of the required capacity and key resources needed to manufacture one unit
                           of a selected item or family. Rough-cut capacity planning (RCCP) uses these bills
                           to calculate the approximate capacity requirements of the master production schedule
                           (MPS). Resource planning may use a form of this bill. Syn.: bill of capacity. See:
                           bill of labor, capacity bill procedure, capacity planning using overall factors (CPOF),
                           product load profile, resource profile, rough-cut capacity planning (RCCP), routing.
                        

                     

                  
                  
                  
                  The bill of resources
                     connects resources with the product families that need them in the
                     production process. It includes information that is critical to
                     resource planning at the product family level.

                  
                  
                  
                  Critical or key resources
                     are identified, and this will indicate whether additional facilities,
                     equipment, labor, skills, or suppliers are required. These indicators
                     are used on an aggregate basis to illustrate a need. For example,
                     we might monitor the load on total labor available in a plant to
                     indicate if a new facility is needed. While identifying some of
                     these critical resources might be obvious, others might be found
                     only after some analysis. Examples include a study to identify items
                     that have the longest lead times or that are part of the longest
                     total lead time, a discussion with purchasing to identify items
                     with volatile prices or scarcity, analysis of physical supply or distribution
                     constraints, or analysis of those resources that take the longest
                     to adapt to changes in volume or product requirements. Bills of
                     resources may take two forms, at different levels of aggregation:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        A bill of resources for one or more related product families. This high-level bill
                           will list the critical resources needed to make one average unit of each product
                           family. The critical resources would be things all the families use. Since these are
                           averages of multiple units or product options, they are useful only for high-level
                           planning.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        A bill of resources for one product family. This more-detailed bill
                           will list the average time to make each individual unit in the product family.
                           

                        
                        

                     
                     

                  
                  
                  
                  At the resource planning
                     level, organizations might use the first of these bills if they have
                     related product families. If not, they might still determine an
                     average of all units in a single family for planning at this level.
                     The more-detailed version of the bill of resources is shown elsewhere
                     in these materials as part of rough-cut capacity planning.

                  
                  

               
               

            
            
            
            
               
               
               Resource Planning Process

               
               
               
               
                  
                  
                  The resource planning process is shown in Exhibit 2-40.

                  
                  
                  
                  
                     Exhibit 2-40: Resource Planning Process
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Step

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Description

                                       
                                       
                                    
                                    

                                 
                                 
                              
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       1

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Determine bill
                                          of key resources for each product family in production plan.

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Refer to the
                                          bill of resources for each product family in the production plan
                                          to determine the resources required for production. For the typical
                                          item in a product family, the bill will list the key resources and
                                          the units of demand for those resources per unit of planned production,
                                          such as number of filling machine hours per thousand units of output.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       2

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Determine units
                                          of measure (UOM) for each key resource.

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       The UOM for most
                                          products has been determined in advance. A UOM must be a relevant
                                          measure of the resource being used.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       3

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Determine key
                                          resource capacity availability for each resource by period.

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Resource capacity
                                          availability must be based on realistic and reliable estimates of
                                          the available time, efficiency, and utilization of key resources
                                          and availability of key materials.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       4

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Calculate load
                                          on each key resource by time period.

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Multiply the
                                          number of units in the production plan for each product family for
                                          each period in the planning horizon by the key resource usage factors
                                          in the bill of resources. The loads for each of the product families
                                          using particular resources are summed to determine the total load
                                          on each resource. If the organization is using level production,
                                          this load will be the same per period, but when using chase, this
                                          calculation will need to be done each period.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       5

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Compare load
                                          to available capacity in each time period for each resource.

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Load versus capacity
                                          comparisons identify imbalances between supply and demand. Steps
                                          to correct over- or under-availability of resources need to be identified
                                          and discussed during the pre-S&OP meetings held each month.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       6

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Revise S&OP production plan or adjust capacity as
                                          necessary.

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Based on decisions
                                          by the pre-S&OP meeting team or the executive team, revise the
                                          production plan or adjust capacity to achieve an acceptable synchronization
                                          of supply and demand.

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                  
                  
                  
                  Exhibit 2-41 is
                     a summary of the resource planning process that defines the key
                     inputs, activities, and outputs.

                  
                  
                  
                  
                     Exhibit 2-41: Resource Planning Summary
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Inputs

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Activities

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Outputs

                                       
                                       
                                    
                                    

                                 
                                 
                              
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Product family groupings

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Production plan

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Bill of resources, including units of measure

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Realistic estimates of available capacity

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Calculation of load on each resource

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Comparison of load to available capacity

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Imbalances between supply and demand (load
                                                and capacity)

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Adjustments of load or capacity as necessary

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                  
                  
                  
                  Once
                     a plan for each period in the planning horizon has been modified
                     as needed to pass this high-level capacity check, it is moved to
                     the next stage of detail in planning: master scheduling.

                  
                  
                  
                  An example of a bill
                     of resources and its related resource plan follows.

                  
                  

               
               

            
            
            
            
               
               
               Commercial Door Manufacturer Example

               
               
               
               
                  
                  
                  Exhibit 2-42 shows a
                     bill of resources for three product families using our commercial door manufacturer
                     case
                     study as an example.

                  
                  
                  
                  
                     Exhibit 2-42: Bill of Resources[image: A table showing the usage of polycarbonate, labor, and work center hours for Families A, B, and C of Vandalproof Glass Commercial Doors, along with the total (SUM) for each category. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  The bill of resources includes three product families, one
                     created using an MTS production plan (family A) plus two other families of MTO doors
                     that
                     use these critical resources. If these MTO doors were made using chase production,
                     note that
                     the load for the bill will differ each period and so the calculation would be made
                     for each
                     period separately. 

                  
                  
                  
                  While most materials are only listed in the bill of material and are not
                     in a bill of resources or resource profile, an exception is for items that are treated
                     as
                     resource capacity constraints. This is often a labor or work center constraint, but
                     it could
                     be a material if the constraint is at the supplier. In this example, a critical resource
                     is
                     the recycled polycarbonate (plastic pellet) supplier. Polycarbonate is used in making
                     the
                     glass in the doors vandalproof, and it is used in each product family. The current
                     supplier
                     has capacity constraints, so it is important to know whether the supplier can provide
                     enough
                     recycled material or if another supplier will need to be added. The recycled material
                     is
                     desired to ensure that the organization can meet its mandate toward sustainable production,
                     but, due to high demand, it is not always available, especially at an attractive price.
                     Due
                     to high cost and new worker learning curves, labor is a critical resource. 

                  
                  
                  
                  Some shared resources may need to be checked for their total capacity.
                     Here, work center 23 is a shared process for all product families. It is where the
                     glass
                     sheets are annealed with the polycarbonate. Due to the size and expense of this operation,
                     the organization currently has only one large work center for this process and it
                     is
                     important to ensure that there is sufficient capacity.

                  
                  
                  
                  Assume that in addition to the quarter
                     1 planned production of 900 units for family A (300 units per month),
                     the organization has planned production of 1,500 units of family
                     B and 2,400 units of family C. Exhibit 2-43 shows
                     the completed resource plan for this bill of resources for the quarter
                     1 load calculations made using this bill of resources. Comparing
                     the load to the available capacity provides information on utilization.

                  
                  
                  
                  
                     Exhibit 2-43: Resource Plan: Load versus Capacity on Critical Resources for One Quarter[image: Table showing Q1 production and resource loads for three door families, including polycarbonate, labor, and work center hours, with totals, capacity available, and load percentages. Go to long description for details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  The
                     load and load percents are calculated as follows:

                  
                  
                  
                  [image: ../images/mathml_id2281860I0Y4.png]
                  
                  
                  
                  [image: ../images/mathml_id228188000HS.png]
                  
                  
                  
                  The load percent is
                     a utilization metric. Note that most organizations are not trying
                     to reach 100 percent utilization. Rather, they establish some protective
                     capacity. As a rule of thumb, MTS organizations often set their
                     protective capacity from 8 to 10 percent (i.e., a load of 90 to
                     92 percent at most) and MTO organizations often set it from 20 to
                     25 percent (a load of 75 to 80 percent at most). In this case, the organization
                     is combining an MTS family with two MTO families, so they set their protective
                     capacity at 20 percent, resulting in the target load being 80 percent.
                     In this case, the load is acceptable for each critical resource.
                     If the load exceeds the target, the organization will have to address
                     this capacity issue such as by investing in equipment, facilities,
                     contract manufacturing, buying a distressed competitor, acquiring
                     new suppliers, or changing the size of the workforce.

                  
                  
                  
                  In addition to supply-related
                     capacity, a resource planning process should consider other types
                     of critical resource constraints and risks to capacity. Here are
                     some examples:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Utilities risks such
                           as power or water interruptions or conservation limits

                        
                        

                     
                     
                     
                     	
                        
                        
                        Staffing
                           risks such as insufficient labor of a particular skill set

                        
                        

                     
                     
                     
                     	
                        
                        
                        Scrap
                           or error-related risks that result in batches or lots needing to
                           be discarded

                        
                        

                     
                     
                     
                     	
                        
                        
                        Equipment
                           breakdown and spare part availability risks

                        
                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Role of Human
               Resources in Resource Planning

            
            
            
            
               
               
               A valuable partner
                  for a planning and inventory management professional is the organization’s
                  human resources (HR) function. The HR function is responsible for ensuring
                  that the organization has the right number of workers with the right
                  type of skills at the right time. When conducting resource planning
                  related to labor capacity requirements at the business plan level,
                  the HR function will be involved. Operations managers can work closely
                  with HR to

               
               
               
               
                  
                  
                  	
                     
                     
                     Ensure that the job
                        descriptions used to recruit and hire workers represent the needed
                        skill sets.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Consult
                        on competitive compensation and benefits for operations employees.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Help
                        HR find good recruitment sources.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Find
                        ways to develop high-potential workers.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Develop
                        reward systems and employee programs that appeal to operations workers’
                        needs and interests.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Manage
                        difficult situations with employees and support the dismissal process.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Dismiss
                        employees because of performance issues or organizational needs
                        (e.g., involuntary workforce reductions).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Acquire
                        and release contractors and provide contracts.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Develop
                        their own skills, perhaps through processes such as 360-degree feedback. (In
                        this form of management development, managers’ performance is reviewed
                        by superiors, peers, and direct reports. The manager discusses the
                        results with a superior or HR manager and sets improvement goals.)

                     
                     

                  
                  

               
               
               
               HR may be heavily involved in a number of
                  areas, but operations managers know their staffing needs and employees
                  best and need to be active participants. Two critical areas that
                  need collaboration between HR and operations managers include designing job
                  roles and staffing open positions.

               
               

            
            
            
            
               
               
               Job Design

               
               
               
               
                  
                  
                  Job design must consider the capabilities
                     of workers. In make-to-order environments, skilled and flexible
                     workers are needed for the low-volume, high-variety product manufacturing
                     required in job shops. In repetitive and mass/continuous production, worker
                     skills are secondary to investments in machinery and mechanized
                     processes.

                  
                  
                  
                  An ideal
                     lean system prefers maximum utilization of highly trained workers
                     rather than machinery. Designs that promote cross-trained and empowered
                     workers enable the organization to direct workers to perform a range
                     of tasks to maintain a state of self-control of quality and production.
                     If cross-training—or other similar things—needs to be a job requirement,
                     this must be included in job descriptions, or some employees (or
                     their union or works council representatives) could refuse the responsibilities.
                     Job designs that empower workers or encourage constant worker focus
                     on process improvement and elimination of waste—including the reduction
                     in changeover time—will support high levels of production efficiency.
                     However, workers need to be ready for the empowerment, which is
                     an example of the need for an effective staffing process.

                  
                  

               
               

            
            
            
            
               
               
               Staffing

               
               
               
               
                  
                  
                  Staffing, also called
                     recruitment or talent acquisition, is the process of planning required
                     labor, filling the positions from internal or external sources,
                     providing benefits and compensation, and managing staff training
                     needs. Attracting the right job candidates requires competitive
                     compensation and benefits, but it is also helped by a strong employment
                     reputation. Employment reputation is the way an organization is perceived
                     by potential, present, and past workers. A strong reputation requires
                     good managers, clear communication of expectations through policies
                     and procedures, and good working conditions. Good working conditions
                     include feedback on performance, meaningful rewards, and support
                     for employees’ development.

                  
                  
                  
                  Staffing includes the following steps:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Labor planning translates capacity
                           requirements into labor requirements in terms of job positions and
                           the number of workers needed per position, both now and over the
                           planning horizon. The strategic plan, business plan, sales and operations
                           planning with resource planning, the master production schedule
                           with rough-cut capacity planning, materials requirements planning
                           with capacity requirements planning, and production activity control
                           scheduling with capacity control can all contribute to the determination
                           of labor requirements. Labor requirements in the long term tend
                           to focus on head count, and more-detailed capacity requirements
                           translate into needs for specific skills or specific work center
                           staffing needs. At the most-detailed level, labor planning can involve helping
                           determine daily work assignments.

                        
                        
                        
                        Note
                           that at the higher levels of planning, decisions related to the
                           use of contractors versus employees are also made. Contractors or
                           temporary workers can be used to increase or decrease capacity without
                           affecting the regular workforce. Use of contractors requires adherence
                           to national or local laws designed to prevent contractor misuse
                           such as to avoid paying benefits. Organizations set policies on
                           the ratio of contractors to employees in particular positions to
                           retain a core workforce plus some staffing flexibility.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Recruitment includes internal
                           and external advertising, applicant reviews, interviewing, reference
                           and background checks, drug/alcohol screening, and selection. Internal
                           applicants can be persons in other positions who are invited to apply.
                           Another source is to hire contractors who have proven their worth
                           on the job.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Placement and orientation include ensuring
                           that the job is a good fit and informing the employee about the
                           organization’s culture, policies, procedures, and campus layout.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Training can occur during placement
                           or can be used to familiarize the employee with new duties or for
                           growth. This can include on-the-job and off-site training using
                           formal and informal methods.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Compensation (hourly or salaried,
                           full- or part-time) and benefits can
                           be structured in tiers or can be a uniform package. It is important
                           to learn when a potential employee is willing and able to work and
                           the desired number of hours.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Performance appraisal is designed
                           to promote employee performance.

                        
                        

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Selection and Training

                  
                  
                  
                  
                     
                     
                     Effective selection and training can ensure that
                        an organization has self-controlled employees who share the organization’s values
                        and goals. Exhibit 2-44 summarizes some of the
                        essential elements of selection and training.

                     
                     
                     
                     
                        Exhibit 2-44: Elements of Selection and Training
                        
                        
                        
                        
                           
                           
                           
                           
                              
                              
                                 
                                 
                                    
                                    
                                    
                                    
                                    
                                 
                                 
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Elements

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Objectives/Principles

                                          
                                          
                                       

                                    
                                 
                                 
                                 
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Selection

                                          
                                          
                                       

                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Development of
                                             selection criteria

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Ascertain essential
                                             technical skills and other specific job requirements,
                                             such as interaction with customers and suppliers,
                                             interaction with team members, flexibility to work on
                                             multiple tasks, and personality traits.

                                          
                                          
                                       

                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Testing

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Apply skills
                                             testing to determine knowledge, problem-solving skills,
                                             range of competencies, and worker flexibility to perform
                                             a wide range of tasks.

                                          
                                          
                                          
                                          Apply psychological testing to
                                             determine socialization skills, approach to problem
                                             solving, self-motivation and initiative, and ability to
                                             accept responsibility and work toward group goals.

                                          
                                          
                                       

                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Training

                                          
                                          
                                       

                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Just-in-time
                                             delivery

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Provide training just
                                             before it is needed. Avoid unnecessary training and long
                                             delays before learning is put into practice.

                                          
                                          
                                       

                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Line manager
                                             involvement

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Provide problem- and
                                             results-oriented training; line managers lend a
                                             practical experience perspective.

                                          
                                          
                                       

                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Application-oriented

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Allow participants to
                                             practice applications during training.

                                          
                                          
                                       

                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Use of graphical and
                                             presentation techniques

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Simplify presentation
                                             of quality-related statistical methods to increase
                                             comprehension. Teach clear and concise written and oral
                                             reporting.

                                          
                                          
                                       

                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Communication of
                                             policy and direction

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Provide regular
                                             meetings led by management to communicate how
                                             departmental or self-directed work team plans are
                                             consistent with organizationwide and supply chain
                                             direction and policy.

                                          
                                          
                                       

                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Job rotation

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Provide on-the-job
                                             training through job rotations to broaden workforce
                                             flexibility.

                                          
                                          
                                       

                                    
                                 

                              

                           
                           

                        
                     
                     
                     
                     Training needs to result in either a change in
                        behavior or improvement of job performance and worker flexibility. As organizations
                        change, it is critical that the workforce receives education and training to meet
                        the demands of the new organization.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Decoupling
               Points and Strategic Buffers in DDMRP

            
            
            
            
               
               
               When the time frame for providing
                  product is longer than the customer is willing to wait, it is necessary
                  to create an inventory buffer. This buffer, such as between supply and
                  demand, is called a decoupling point. Inventory serves as a buffer
                  throughout the system, decoupling

               
               
               
               
                  
                  
                  	
                     
                     
                     Supply and demand

                     
                     

                  
                  
                  
                  	
                     
                     
                     Customer
                        demand and finished goods

                     
                     

                  
                  
                  
                  	
                     
                     
                     Finished
                        goods and component availability

                     
                     

                  
                  
                  
                  	
                     
                     
                     Requirements
                        for an operation and the output from the preceding operation

                     
                     

                  
                  
                  
                  	
                     
                     
                     Parts
                        and materials to begin production and the suppliers of materials.

                     
                     

                  
                  

               
               
               
               When
                  buffers are used in a generic way, such as by setting a fixed safety
                  stock level, they do little to reduce the amplification of variability
                  throughout the supply chain (the bullwhip effect) and represent
                  a significant inventory carrying cost. (Safety stock orders can
                  also increase the bullwhip effect.) Decoupling points and their
                  strategic buffers of inventory are features of demand-driven material
                  requirements planning (DDMRP) that work to minimize inventory carrying
                  costs and the bullwhip effect.

               
               
               
               DDMRP accomplishes
                  these goals by being strategic in where it places its buffers as decoupling
                  points. Criteria for choosing decoupling points include the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     Customer lead time
                        tolerance and related lead time goals that if met could transform
                        order qualifiers into order winners

                     
                     

                  
                  
                  
                  	
                     
                     
                     Degree
                        of demand and/or supply variability

                     
                     

                  
                  
                  
                  	
                     
                     
                     Locations
                        in the bill of material structure or distribution network that best
                        help keep options open for how the inventory can be put to use and
                        have room for lead time compression

                     
                     

                  
                  
                  
                  	
                     
                     
                     Locations
                        in operations that are bottleneck work centers, capacity-controlled resources,
                        or pace setters (drums) in the drum-buffer-rope system (per TOC scheduling)

                     
                     

                  
                  

               
               
               
               While the nature of
                  conventional material requirements planning (MRP) is to make everything
                  dependent so it can all be fully automated, this means that late
                  changes have a systemic effect called system nervousness. Strategic
                  buffers prevent a change from affecting the entire system; instead
                  they affect only the subsystem created by the placement of the strategic
                  buffers at decoupling points. This is called a DDMRP decoupled explosion.
                  Furthermore, DDMRP uses this feature to shift from weekly buckets
                  (used to minimize frequent small changes, but resulting in bigger
                  changes on a weekly basis due to the longer planning horizon) to
                  daily buckets (which are impractical in traditional MRP because
                  they would involve excessive action messages). The daily buckets
                  allow daily reviews of strategic buffer inventory levels. The inventory
                  at these points helps consume the variability of demand by having inventory
                  available; it also consumes the variability of supply by having
                  inventory available so less needs to be produced given a spike in
                  demand. The upshot is that these changes enable lead time compression
                  as goods move through the supply chain with less waiting.

               
               
               
               Each decoupling point
                  with a strategic buffer will need to have that buffer sized appropriately.
                  Inventory purpose (purchased, made, or distributed), lead times, degree
                  of variability, and lot sizes relative to usage rates help determine
                  the initial buffer size. DDMRP then refines each buffer into a zone
                  (red, yellow, or green) to allow these buffer sizes to dynamically
                  adjust based on planned (marketing-driven) or unplanned changes
                  in demand:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Red.
                           
                        This is the safety
                           stock for minimizing stockouts on the one end and the base stock level on the
                           overstock side to show when there is too much inventory.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Yellow.
                           
                        These are warning zones
                           that show that you have moved out of the green zone and are at risk of entering either
                           the overstock or understock red zones. The DDMRP rule is to set the size of this zone
                           at 100 percent of average daily usage over the lead time.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Green.
                           
                        The inventory is in the
                           optimal range. The order cycle, minimum order quantity, and percent of usage over
                           the
                           lead time are used to set how much and how often to order.
                        

                     
                     

                  
                  

               
               
               
               The underlying calculation
                  for the dynamic review is called the net flow position, which is
                  calculated as follows:

               
               
               
               [image: ../images/mathml_id228AEL004ZJ.png]
               
               
               
               Qualified sales order
                  demand is the sum of orders due today plus qualified spikes. Qualified
                  spikes are the accumulated day’s demand relative to a threshold
                  typically specified as a percentage of the red zone. Identifying
                  spikes is important because these are areas of unusually high demand
                  that would consume the buffer and remove its benefits. Instead,
                  when a spike or other variable lowers the net flow position to the bottom
                  of the green zone, the system will propose making an order to return
                  the net flow position to the top of the green zone.

               
               
               
               The net flow position
                  calculation attempts to separate the portion of demand that is uncertain
                  from the demand that can be more reliably calculated because it
                  is already known. Then just the uncertain portion of demand can
                  be subjected to statistical analysis. However, on-hand inventory,
                  inventory on order, and qualified sales orders are still subject
                  to some uncertainty (e.g., inventory accuracy errors, delivery timing variability,
                  and differences in how to define what is and is not qualified sales
                  order demand), so it is not a perfect method.

               
               
               

            
            

         
         
   
      
         
         
         
         Section C: Reconciling S&OP
            Plans

         
         
         
         
            
            
            
               After completing
                  this section, students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Understand the need
                     for a process to evaluate and get approval for significant changes to supply
                     or resource plans

                  
                  

               
               
               
               	
                  
                  
                  Understand that
                     tradeoffs exist in part to accommodate the needs of internal and external
                     parties

                  
                  

               
               
               
               	
                  
                  
                  Evaluate tradeoffs related to different volume/mix
                     combinations 

                  
                  

               
               
               
               	
                  
                  
                  Evaluate alternative supply and demand plans and associated
                     risks 

                  
                  

               
               
               
               	
                  
                  
                  Evaluate the applicable financial implications of the
                     plan 

                  
                  

               
               
               
               	
                  
                  
                  Evaluate tradeoffs among customer service, inventory, and
                     backlog levels 

                  
                  

               
               
               
               	
                  
                  
                  Evaluate different methods for balancing supply and
                     demand, including 1) adjust supply; and 2) adjust demand 

                  
                  

               
               
               
               	
                  
                  
                  Explain how the
                     approved sales and operations plan serves as the basis for monitoring and
                     controlling manufacturing performance.

                  
                  

               
               

            
            
            
            S&OP plans are the result of compromise that can best
               accommodate the needs of multiple stakeholders, including financial stakeholders.
               When there are imbalances between supply and demand, supply can be adjusted given
               the required approvals and budget, and demand can be prioritized toward
               alternatives. Key tradeoffs are between customer service, inventory, and backlogs.
               Limits need to be set on each so that any plan alternative will have a minimum level
               of acceptability. When considering alternatives, it is important to select a plan
               that is likely to work in actual practice.

            
            

         
         
         
         
   
      
         
         
         
         Synchronizing
            Supply and Demand

         
         
         
         
            
            
            One of the
               most common problems facing manufacturers across all industries
               is the difficulty of effectively balancing demand with supply. Both
               are needed, but supply is typically adjusted before attempting to
               adjust demand. Here we cover methods of changing supply and resource
               plans and prioritizing demand.

            
            

         
         
         
         
         
            
            
            Changing Supply
               and Resource Plans

            
            
            
            
               
               
               Keeping demand and supply in sync in the intermediate and long
                  terms is a constant struggle. Manufacturers are continually faced with the challenge
                  of determining what to make, how much to make, and when to make it. Service
                  providers have a challenge of having enough capacity and resources to satisfy demand
                  (but not too much). When companies fail to meet this challenge effectively, they
                  suffer.

               
               
               
               Supply and demand synchronizing both occur
                  regularly at a well-functioning organization, but the more difficult
                  or costly efforts that may be required are typically attempted on
                  the supply side before resorting to greater efforts on the demand
                  side. This is because supply adjustments require internal changes
                  while demand adjustments involve influencing external customers
                  to accept changes.

               
               
               
               The primary principles
                  involved in changes to resource planning include the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     Resource planning
                        identifies the limits of key resources required by product families.

                     
                     

                  
                  
                  
                  	
                     
                     
                     It supports business and strategic planning
                        by identifying resources with long acquisition and installation
                        lead times.

                     
                     

                  
                  
                  
                  	
                     
                     
                     It requires management approval of major capital
                        expenditures (CAPEX) and operating expenditures (OPEX) such as equipment,
                        software, and human capital investments.

                     
                     

                  
                  

               
               
               
               The results of
                  the resource planning process will indicate whether any significant changes
                  in resources need to be made to accommodate the production plan. Significant
                  changes fall into the following categories:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Acquisitions.
                           
                        Companies
                           constrained by resource shortages may consider acquisition of other
                           suppliers, or they may consider acquisition of capacity from other
                           suppliers by blanket purchase orders or by reserving capacity by
                           contract.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Facility start-up and shutdown.
                           
                        Resource
                           planning can identify the appropriate time to bring on additional
                           production facilities or the right time to phase out operations at a
                           particular facility. Such decisions should account for longer-term
                           production plans and avoid overreacting to short-term situations of
                           rising or falling demand.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Hiring, layoffs, and shift changes.
                           
                        Resource
                           planning provides information for workforce planning, and this can be
                           very useful for determining when to hire additional people or when to
                           add or drop shifts in a production facility. Many local or national
                           regulatory agencies require advance notice of layoffs. They require
                           these changes to be planned and communicated several periods before the
                           change actually occurs. Resource planning provides the future visibility
                           necessary to plan and enact such changes in a proactive manner.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Adding and removing tooling and equipment.
                           
                        Resource
                           planning provides information that is useful for determining when to
                           invest in equipment and when to remove surplus equipment for potential
                           disposal. Avoid overreacting to short-term situations. Trends in demand
                           and supply situations should be analyzed to determine if there are any
                           long-term issues that could require the addition or removal of
                           equipment. The long lead times associated with the acquisition of many
                           pieces of industrial equipment require careful planning to ensure that
                           supply is available to meet the anticipated demand at all times.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Agility and flexibility.
                           
                        Agility and
                           process flexibility can be developed by making investments in
                           methodologies such as lean as well as by investing in equipment that
                           enables flexibility, such as equipment that can be quickly retooled or
                           moved to another location. The idea is to enable changing supply
                           capabilities with a minimum of required lead time and expense. Some
                           additional methods are discussed below.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Outsourcing and subcontracting.
                           
                        Outsourcing
                           involves substitution, or the replacement of internal capacity and
                           production with that of a supplier. Subcontracting uses other suppliers
                           as supplemental resources or temporary suppliers to handle load
                           imbalances, seasonal demand, and short-term increases in demand. Both
                           can keep the employment base stable.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Education and training.
                           
                        Companies in
                           short supply of skilled labor often sponsor training programs in
                           technical colleges, community colleges, and vocational training schools
                           as well as offering internships to build a competent labor force.
                        

                     
                     

                  
                  

               
               
               
               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 (policies for
                        when changes are allowed and who needs to approve such changes).

                     
                     

                  
                  

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

               
               

            
            

         
         
         
         
            
            
            Prioritizing
               Demand

            
            
            
            
               
               
               Demand management includes planning demand,
                  communicating demand, influencing demand, and prioritizing demand. Planning and
                  influencing demand involve product and brand management, marketing, and sales
                  activities that determine where to focus efforts and execute those plans. The goal
                  is to convince customers to purchase the organization’s products and services so
                  that the organization’s business objectives are met or exceeded. Communicating
                  demand is the critical back-and-forth process of communicating the demand plan in
                  S&OP.

               
               
               
               Prioritizing demand
                  is the process of resequencing demand priorities or convincing customers
                  to accept substitutes when supply and demand are out of balance
                  in terms of volume, timing, or sales mix. (At the S&OP level,
                  volume would be the main adjustment; the timing and mix adjustments
                  would occur later as part of master scheduling.) The idea is to
                  help demand better match what supply is capable of acquiring or
                  producing or to promote a more efficient production sequence.

               
               
               
               Here is a summary of ways to adjust demand either here or at the master scheduling
                  level:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Demand shaping:
                           
                        Creating a
                           perceived or real incentive for customers to purchase products that are
                           more feasible or profitable to supply. This can be through marketing and
                           promotions and/or by rationing supply such as by raising prices to
                           ensure those that want it most will get it because they are willing to
                           pay more.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Lead time adjustment:
                           
                        This
                           includes both increasing lead times (later delivery as a method of
                           rationing supply) or decreasing lead times. Decreasing lead times can
                           incentivize and increase demand. Decreasing lead time can be done in
                           many ways: lean production, stocking strategies, changing production
                           strategies, making quality improvements, and so on.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Substitutions:
                           
                        If a
                           substitute product is not in a shortage and a first choice product is in
                           shortage, demand shaping can involve promoting the substitute product’s
                           sales.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Complementary products:
                           
                        Demand
                           shaping to promote complementary products can be a way to increase a
                           given plan’s profitability. Bundling a slower moving product with a
                           complementary product might promote better inventory turnover. Another
                           example is a substitute product bundled with a complementary product
                           that together provide the desired functionality of the customers’ first
                           choice product that has constrained supply.
                        

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Tradeoffs, Alternatives, and
            Approved Plan

         
         
         
         
            
            
            S&OP has a number of inherent tradeoffs that are
               the result of natural and planned supply and demand constraints.
               This topic addresses various categories of tradeoffs, adds some
               information on selecting among alternatives, and then discusses how
               the approved plan is put into action.

            
            

         
         
         
         
         
            
            
            Tradeoffs Due to Internal and External
               Priorities

            
            
            
            
               
               
               While
                  planning is essential to ensuring that plans are both feasible and
                  cost-effective, plans still need to be flexible enough to
                  accommodate a certain amount of external and internal change. One
                  way to show flexibility is to accommodate functional area objectives
                  to the degree possible. In addition to the overall strategic
                  objectives of the organization, each functional area has its own
                  objectives that it needs to achieve in order to be successful. These
                  objectives do not always align, which creates tradeoffs due to the
                  differences in priorities. S&OP works to align the objectives so
                  one department is not succeeding at the expense of another or of the
                  overall plan.

               
               
               
               To be effective, this
                  collaboration must involve communication and negotiation between
                  sales, marketing, purchasing, distribution, manufacturing, and
                  senior management. The challenge is establishing aligned internal
                  priorities that enable informed, collaborative decision making that
                  results in a balanced demand and supply plan.

               
               
               
               Influence over external
                  organizations’ departments such as marketing and operations is not a
                  given. Developing and maintaining influence requires leadership
                  skills and humility. For example, a supply chain partner may have
                  very good reasons for wanting to have a sale in a particular month,
                  and collaboration on influencing demand may require listening,
                  understanding positions, selling the benefits of changes to
                  partners, and reasonable compromise.

               
               
               
               When considering changes, an
                  important principle to follow is that while the mix can be changed,
                  the total volume should not be allowed to change. Also, it is
                  important to create more than one viable alternative so that the
                  various tradeoffs can be optimized.

               
               

            
            
            
            
               
               
               Volume/Mix Tradeoffs

               
               
               
               
                  
                  
                  S&OP
                     is used to balance supply and demand at the volume level.
                     Once volume in terms of rates and levels is planned,
                     determining the optimal mix becomes easier to manage in the
                     later steps. Carefully setting volume is important at this
                     point. The key thing to remember about mix is that the
                     demand side will frequently want to increase the supply of a
                     particular item in the sales mix. Supply needs to point out
                     the tradeoff related to the volume that they agreed to: If
                     you increase the proportion of one type of item in the mix,
                     it necessarily requires reducing the volume of one or more
                     other items in the mix. Attempting to do more than the
                     overall plan will result in an unworkable
                     plan.

                  
                  

               
               

            
            
            
            
               
               
               Alternatives

               
               
               
               
                  
                  
                  Organizations determine the
                     costs of multiple alternative plans and select the one that is the
                     lowest cost or that optimizes both cost and value to customers.
                     Optimization can involve developing different hybrid plans for
                     different parts of a year. In addition to all of the planning
                     alternatives discussed elsewhere, organizations can consider other
                     alternatives, including

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Using alternative baselines for planning, such as
                           using target days of supply of inventory rather than
                           a period-ending inventory target (Days of supply
                           keeps the risk of stockouts low while also keeping
                           inventory lower.)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Undertime

                        
                        

                     
                     
                     
                     	
                        
                        
                        Overtime

                        
                        

                     
                     
                     
                     	
                        
                        
                        Outside contracting.

                        
                        

                     
                     

                  
                  
                  
                  Here are some ways to evaluate the financial implications of plan
                     alternatives:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Revenue: Estimated revenue (sales) for the plan is
                           sufficient to justify the investments made in
                           working capital, OPEX, or CAPEX. A risk is that an
                           overly optimistic plan could lead to losses. 

                        
                        

                     
                     
                     
                     	
                        
                        
                        Working capital: Working capital (inventory,
                           receivables, payables) investments are feasible, and
                           working capital has sufficient returns. 

                        
                        

                     
                     
                     
                     	
                        
                        
                        Cost of goods sold (COGS): The income statement
                           cost of raw materials, direct labor, and
                           manufacturing overhead for the materials actually
                           sold in the period (items made and put in inventory
                           but not sold are not included) contributes
                           positively to operating efficiency. 

                        
                        

                     
                     
                     
                     	
                        
                        
                        Margin: The gross margin (Revenue minus COGS)
                           contributes to overall operating efficiency. The
                           contribution margin for the product family (or
                           customer segment) shows sufficient ability to absorb
                           fixed costs and get profitable after a breakeven
                           point in sales that is feasible to achieve (if not,
                           it may be an unprofitable product). 
                           
                           [image: ../images/mathml_equation-inline_ozw_djf_pgc.png]
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Purchase price variance (PPV): The difference
                           between the standard or budgeted price for raw
                           materials, merchandise, or services, and its actual
                           cost is not material (not financially significant).
                           
                           
                           [image: ../images/mathml_equation-inline_oxz_ljf_pgc.png]
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Capacity usage: The plan has an acceptable level
                           of capacity utilization. While under-utilization is
                           inefficient and over-utilization is expensive or
                           infeasible, some excess capacity may be part of the
                           plan. Lean philosophies emphasize that utilizing
                           capacity by making things not in demand is a waste.
                           

                        
                        

                     
                     

                  
                  
                  
                  The risk associated with a
                     given alternative is organization-specific, but one important point
                     to remember when evaluating alternatives is that many of the pluses
                     and minuses from a plan may not be captured in the analysis. An
                     optimized plan may not consider the difficulty of people changing
                     methods part way through a year, the need for training, or a culture
                     resistant to change. A practical strategy may be one that is
                     slightly less optimized but is simpler to understand and
                     implement.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Inventory/Backlog and Customer Service

            
            
            
            
               
               
               In S&OP,
                  customer service levels are designed to meet customer expectations
                  for product families in terms of on-time and complete shipments.
                  Organizations manage customer service expectations through planning
                  inventory and backlog levels.

               
               
               
               The volume of inventory and/or
                  backlog will vary depending on the production planning method
                  selected. For example, if the organization has selected the level
                  production method, the same amount of product is produced, no matter
                  the demand. Therefore, when customer demand is low, inventory is
                  greater than demand and the organization needs to use inventory
                  storage and incur the associated costs. When customer demand is high
                  and exceeds inventory, the organization will be addressing customer
                  service issues regarding not being able to fulfill orders.

               
               
               
               Organizations need a process to
                  better manage the sensitive balance of supply and demand. The
                  consequences of supply and demand imbalances can include poor
                  customer service levels, high inventory levels, and a large backlog.
                  To keep any of these three areas from becoming untenable,
                  organizations establish the desired levels of customer service,
                  inventory, and backlog so appropriate tradeoffs can be made.

               
               
               
               Customer
                  service level is the probability of being able to service the
                  customers’ demand without facing any backorders or lost sales. The
                  customer service level for organizations that carry inventory is a
                  tradeoff between the cost of inventory and the cost of stockouts.
                  While a 100 percent customer service level (servicing all customers
                  all the time, meeting customer delivery needs, etc.) might appear
                  desirable, it is usually not a feasible option. Before making
                  tradeoffs, it is useful to translate the customer service level
                  objectives into inventory terms. Exhibit 2-45
                  details common inventory terms and their impact on customer service.
                  Translating customer service objectives into the inventory
                  investment required is useful in determining customer service
                  level/inventory tradeoffs. From a tradeoff perspective, backlog size
                  indicates how the manufacturer balances capacity and lead time for
                  customer service targets.

               
               
               
               
                  Exhibit 2-45: Inventory Terms
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Term

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Definition

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Impact on Customer
                                       Service

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Stockout
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       A lack of materials, components, or finished goods that are needed to meet demand.
                                          See: backorder.
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Organization is unable to immediately fulfill
                                       customer orders.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Safety stock
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Stock planned to be in inventory to protect
                                          against fluctuations in demand or supply, including uncertainty, forecast errors,
                                          long lead times, or supplier shortages. Syns.: buffer stock, reserve stock. See:
                                          hedge, inventory buffer.
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Organization uses safety stock to address the
                                       variability of customer demand, particularly when
                                       demand is higher than average. The volume of
                                       safety stock depends on the desired customer
                                       service level.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Time period correction
                                          factor
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Adjustments made to safety stock to account for
                                       the difference in demand data and production lead
                                       time.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    If the
                                       lead time and demand data are not constant, then,
                                       in order to accurately predict safety stock, this
                                       additional calculation should be
                                       performed.

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     
                     
                     
                        Note:
                           Definitions for stockout and safety stock are from the ASCM Supply Chain
                              Dictionary.
                        

                     
                     

                  
               
               
               
               Organizations make tradeoffs
                  every day in line with the production strategy they have selected.
                  (Organizations with multiple product lines might use more than one
                  of these.) Exhibit 2-46
                  summarizes the tradeoffs for each planning factor by production
                  strategy.

               
               
               
               
                  Exhibit 2-46: Planning Factor Tradeoffs by Production Strategy
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	 
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Customer Service
                                       Level

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Inventory Level

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Backlog Level

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       MTS

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Customer
                                       does not accept long delivery time.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Forecast drives production.
                                       Incoming orders use existing inventory for
                                       delivery.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    If demand
                                       exceeds forecast, then there is a backlog. If
                                       there is no stock, backorders degrade customer
                                       service.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       MTO

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Customers
                                       expect to wait to receive exactly what they order.
                                       Customer expectations need to be managed through
                                       quoted lead times.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    No excess
                                       inventory, as product is made only when requested.
                                       If the raw materials needed to make the order
                                       (upstream) are delayed, customer wait time is
                                       longer.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Often
                                       there is pressure to fully utilize the line, and
                                       that can be done only with orders resulting from a
                                       forecast. If MTS fills the line and MTO orders
                                       drop on top, the backlog may grow to an
                                       unacceptable size. Quoted lead times will be
                                       incorrect.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       ATO

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Customers
                                       expect to wait to receive exactly what they order.
                                       Customer expectations need to be managed through
                                       quoted lead times. Quoted lead times are driven by
                                       the size of the backlog of customer
                                       orders.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Provides
                                       flexibility and speed and helps reduce waste. If
                                       the forecast is wrong, the organization could have
                                       too many parts of the wrong item.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    All too
                                       often there is pressure to fully utilize the line,
                                       and that can be done only with orders resulting
                                       from a forecast. If MTS fills the line and ATO
                                       orders drop on top, the backlog may grow to an
                                       unacceptable size. Quoted lead times will be
                                       incorrect.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       ETO

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Customer
                                       requests a product that has not yet been designed,
                                       so they may not have expectations of delivery.
                                       Delivery estimates should be discussed with the
                                       client only after inventory research has been done
                                       and current order backlog levels are
                                       known.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Item may
                                       not be part of inventory, and special ordering and
                                       planning may need to occur.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Customized designs may result in last-minute
                                       changes, backordered parts/assemblies, or
                                       disruptions due to design changes.

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               

            
            

         
         
         
         
            
            
            Next Steps for the Approved Plan

            
            
            
            
               
               
               Once the sales and operations
                  plan is approved, the S&OP production plan becomes the basis for
                  monitoring and controlling manufacturing performance. The operations
                  department is responsible for achieving the S&OP production
                  plan. Sales and marketing are responsible for achieving the
                  product-family sales plan and the product mix plan. Any changes to
                  the plan require formal management approval.

               
               
               
               Taking
                  all of this into consideration, Exhibit 2-47
                  illustrates the S&OP flow within a supply chain.

               
               
               
               
                  Exhibit 2-47: S&OP Supply Chain Flow[image: Flow from demand to replenishment to manufacturing: S&OP provides an approved production plan, replenishment ensures supply via master scheduling and logistics planning, and manufacturing executes the production plans.]
               
               
               
               
               The planning follows a pattern of
                  S&OP to master scheduling (MS) to material requirements planning
                  (MRP). At the top (in “Demand”), sales and marketing are responsible
                  for providing a timely and truthful sales plan. This is done early
                  in the month so the other areas downstream can use this information
                  to support their decision. Next (in “Replenishment”), planners
                  working at the distribution centers ensure that the replenishments
                  are available to meet demand. Part of this can involve the logistics
                  function engaging in their own version of the S&OP and resource
                  planning processes, which would involve ensuring there is sufficient
                  logistics capacity (e.g., vehicles, drivers, carrier contracts,
                  warehouse space, etc.) for the planned inventory turnover.

               
               
               
               From there we shift to
                  “Manufacturing,” where they execute the production plans.

               
               
               
               Since choices cascade downstream it
                  is important for everyone throughout the chain to supply timely and
                  accurate information so the best decisions can be made to support
                  the sales and operations planning process.

               
               

            
            
            
            
               
               
               Common Risks to Avoid

               
               
               
               
                  
                  
                  Executing
                     S&OP best practices is hard. Planning without execution
                     is hallucination—you simply don’t get the benefits of
                     S&OP without executing the process correctly, yet many
                     things can get in the way.

                  
                  
                  
                  Here are mistakes to avoid that are common across
                     industries and companies of all sizes.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Indecision by senior
                           management

                        
                        

                     
                     
                     
                     	
                        
                        
                        Lack of participation by key
                           players and lack of attendance enforcement by the
                           executive sponsor

                        
                        

                     
                     
                     
                     	
                        
                        
                        Lack of alignment between
                           corporate strategy and S&OP

                        
                        

                     
                     
                     
                     	
                        
                        
                        Focus on one goal: determining
                           a single number plan while forgetting other key
                           aspects of S&OP

                        
                        

                     
                     
                     
                     	
                        
                        
                        Lack of regularly held S&OP
                           meetings

                        
                        

                     
                     
                     
                     	
                        
                        
                        Lack of proper S&OP meeting
                           protocol, strategic and tactical discussions, and
                           decisions

                        
                        

                     
                     
                     
                     	
                        
                        
                        Short-term view of
                           S&OP

                        
                        

                     
                     
                     
                     	
                        
                        
                        Lack of objectivity because the
                           S&OP process leader is also responsible for
                           supply and/or demand planning

                        
                        

                     
                     
                     
                     	
                        
                        
                        Leadership focused on last
                           month’s sales rather than looking forward

                        
                        

                     
                     
                     
                     	
                        
                        
                        Product life cycle stages not
                           factored in or managed as part of
                           S&OP

                        
                        

                     
                     
                     
                     	
                        
                        
                        External business trends not
                           factored in

                        
                        

                     
                     
                     
                     	
                        
                        
                        Lack of regular measurements
                           and consistent metrics

                        
                        

                     
                     
                     
                     	
                        
                        
                        Competition and politics
                           between functions that slows or derails
                           success

                        
                        

                     
                     

                  
                  
                  
                  If an
                     organization can avoid these mistakes, it will be well down
                     the path of being able to execute S&OP best
                     practices.

                  
                  

               
               

            
            
            
            
               
               
               Desired
                  Outcomes

               
               
               
               
                  
                  
                  An integrated and successful S&OP
                     process should provide the following outcomes:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        No changes are made to
                           near-term plans. (This is the province of master
                           scheduling.)

                        
                        

                     
                     
                     
                     	
                        
                        
                        There is a clear process for
                           making changes in the sales/production/inventory
                           backlog plans so it is the best plan for the
                           business.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Policies regarding volume/mix
                           are continuously improved so that future S&OP
                           iterations become smoother.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The process is customized to
                           the given manufacturing environment (MTS, ATO,
                           MTO, ETO).

                        
                        

                     
                     

                  
                  
                  
                  S&OP can
                     have transformational impact within an organization by not
                     only driving consistency against the process but by
                     incorporating value into the decisions. S&OP supports
                     and aligns with the company’s overall strategy. In summary,
                     S&OP success factors include

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Involving the executive
                           level

                        
                        

                     
                     
                     
                     	
                        
                        
                        Well-constructed meeting
                           agendas

                        
                        

                     
                     
                     
                     	
                        
                        
                        Regularly scheduled S&OP
                           meetings

                        
                        

                     
                     
                     
                     	
                        
                        
                        Participation of individuals
                           and departments from across the
                           organization

                        
                        

                     
                     
                     
                     	
                        
                        
                        Using a collaborative
                           process

                        
                        

                     
                     
                     
                     	
                        
                        
                        Empowering individuals at all
                           levels to make decisions

                        
                        

                     
                     
                     
                     	
                        
                        
                        Measuring and monitoring
                           throughout the process

                        
                        

                     
                     
                     
                     	
                        
                        
                        Support and integration of
                           technology.

                        
                        

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         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 2-1: S&OP’s Location in the MPC Hierarchy
[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 2-2: S&OP Supply/Demand and Volume/Mix Concepts
[image: Planning hierarchy linking business plan to volume S&OP, product mix, MRP, and plant and supplier scheduling, with demand feeding in from the left and supply from the right. Read long description below.]
                  
                  
                  The diagram illustrates the hierarchical flow of planning activities within
                     an organization. At the top is the Business plan, which feeds downward into
                     Volume S&OP, composed of a demand plan on the left and a supply plan on
                     the right. Inputs from external Demand enter on the left side of the
                     S&OP box, and Supply inputs enter on the right.

                  
                  
                  
                  Below S&OP is the Product mix level, which includes Master scheduling.
                     Demand and supply information also connect laterally into this level.

                  
                  
                  
                  Master scheduling flows downward into MRP (materials requirements planning),
                     which in turn leads to Plant and supplier scheduling at the bottom.

                  
                  
                  
                  The left side of the diagram is labeled Forecasting & demand management,
                     and the right side is labeled Resource planning, indicating the directional
                     focus of each side of the planning process.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-11: Product Portfolio Management
[image: The diagram illustrates the interaction between various components of a product portfolio and marketing strategy. Go to long description for more details.]
                  
                  
                  The process starts with the “Product portfolio” at the top. Arrows indicate
                     the flow to several interconnected components:

                  
                  
                  
                  
                     
                     	
                        
                        
                        “Product classifications” with the question “Products OK?” feeds into
                           “Product life cycle” with the question “Life cycles OK?”.

                        
                        

                     
                     
                     	
                        
                        
                        “Product life cycle” then leads to “Services strategy” with the
                           question “Services OK?”.

                        
                        

                     
                     
                     	
                        
                        
                        The “Services strategy” feeds into “Brand strategy” with the question
                           “Strategy OK?”.

                        
                        

                     
                     
                     	
                        
                        
                        “Brand strategy” then flows into “Marketing strategy” at the
                           bottom.

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-13: Product Life Cycle and Market Growth versus Market Share
[image: The diagram represents a product life cycle matrix, displaying the relationship between market growth and market share across different stages. Read long description below.]
                  
                  
                  This matrix shows the typical path of a product as it moves from
                     introduction, through growth and maturity, to eventual decline, and the
                     strategic actions recommended at each stage:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Introduction (High Market Growth, Low Market Share):

                        
                        
                        
                        
                           
                           	
                              
                              
                              Action: “Invest & grow”

                              
                              

                           
                           
                           	
                              
                              
                              Transition: Indicated by a right-pointing arrow from
                                 Introduction to Growth

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Growth (High Market Growth, High Market Share):

                        
                        
                        
                        
                           
                           	
                              
                              
                              Action: “Grow & profit”

                              
                              

                           
                           
                           	
                              
                              
                              Transition: Indicated by a downward-pointing arrow from
                                 Growth to Mature

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Mature (Low Market Growth, High Market Share):

                        
                        
                        
                        
                           
                           	
                              
                              
                              Action: “Profit & protect”

                              
                              

                           
                           
                           	
                              
                              
                              Transition: Indicated by a left-pointing arrow from
                                 Mature to Decline

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Decline (Low Market Growth, Low Market Share):

                        
                        
                        
                        
                           
                           	
                              
                              
                              Action: “Re-invest & divest”

                              
                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-14: Production and Inventory Planning Process
[image: The diagram illustrates the relationship between corporate strategies and production processes. Read long description below.]
                  
                  
                  The process starts with the “Corporate Strategies” at the top. Arrows
                     indicate the flow to several interconnected components:

                  
                  
                  
                  
                     
                     	
                        
                        
                        “Production strategy” with the question “Strategy OK?” feeds into
                           “Financial plan” with the question “Costs OK?”.

                        
                        

                     
                     
                     	
                        
                        
                        “Financial plan” then leads to “Production rates” with the question
                           “Rates OK?”.

                        
                        

                     
                     
                     	
                        
                        
                        The “Production rates” feeds into “Production performance” with the
                           question “Performance OK?”.

                        
                        

                     
                     
                     	
                        
                        
                        “Production performance” then flows into “Supply plan” at the
                           bottom.

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-15: Make-to-Stock Level Production S&OP Grid
[image: A sample MTS level production S&OP grid. Go to long description for more details.]
                  
                  
                  The table displays data for Product Family A in units of 1,000s
                     across several months, including history (December, January, February), present, the
                     planning time fence (which is in between April and May), and additional columns for
                     May, June, July, August, September, Q4, Q1, and Q2.  The data is divided into three
                     main sections: Sales Plan, Production Plan, and Inventory Plan:

                  
                  
                  
                  
                     
                     	
                        
                        Sales Plan: Includes categories for Actual sales, Difference, and
                           Cumulative difference

                        

                     
                     
                     	
                        
                        Production Plan: Includes categories for Actual production, Difference, and
                           Cumulative difference

                        

                     
                     
                     	
                        
                        Inventory Plan: Includes categories for Actual inventory and
                           Difference

                        

                     

                  
                  
                  
                  The tables includes historical data for the months of December, January, and
                     February, leading up to the Present. For example, in February (F): The Sales Plan
                     is
                     80,000 units. Actual Sales are 87,000 units, leading to a Difference of +7,000 units.
                     The Cumulative Difference for sales is -10,000 units. The Production Plan is 100,000
                     units. Actual Production is 100,000 units, leading to no difference. The Cumulative
                     Difference for production is +5,000 units. The Inventory Plan is 145,000 units. Actual
                     Inventory is 125,000 units, resulting in a Difference of +15,000 units.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-16: Make-to-Order S&OP Grid
[image: A sample MTO S&OP grid. Read long description below.]
                  
                  
                  The table displays data for Product Family B across several
                     months, including history (December, January, February), present, the planning time
                     fence (which is in between April and May), and additional columns for May, June, July,
                     August, September, Q4, Q1, and Q2. The data is divided into three main sections: Sales
                     Plan, Production Plan, and Backlog Plan:

                  
                  
                  
                  
                     
                     	
                        
                        Sales Plan: Includes categories for Bookings, Difference, and Cumulative
                           difference

                        

                     
                     
                     	
                        
                        Production Plan: Includes categories for Actual production, Difference, and
                           Cumulative difference

                        

                     
                     
                     	
                        
                        Backlog Plan: Includes categories for Actual backlog and Difference

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-26: Initial Information for MTS Level Production Plan
[image: A table showing the sales plan, production (leveled), and ending inventory for Family A: Vandalproof Commercial Doors, In-Stock All-Glass, across a 12-month period. Please go to long description for more details.]
                  
                  
                  The table provides a detailed monthly overview of the sales plan, production
                     (leveled), and ending inventory for Family A: Vandalproof Commercial Doors, In-Stock
                     All-Glass. The table is organized into three main rows: “Sales Plan,” “Production
                     (Leveled),” and “Ending Inventory,” with columns representing each month from 0 to
                     12,
                     including a “SUM” column for totals.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Sales Plan:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Month 1: 460 units

                              
                              

                           
                           
                           	
                              
                              
                              Month 2: 450 units

                              
                              

                           
                           
                           	
                              
                              
                              Month 3: 410 units

                              
                              

                           
                           
                           	
                              
                              
                              Month 4: 350 units

                              
                              

                           
                           
                           	
                              
                              
                              Month 5: 320 units

                              
                              

                           
                           
                           	
                              
                              
                              Month 6: 280 units

                              
                              

                           
                           
                           	
                              
                              
                              Month 7: 250 units

                              
                              

                           
                           
                           	
                              
                              
                              Month 8: 190 units

                              
                              

                           
                           
                           	
                              
                              
                              Month 9: 150 units

                              
                              

                           
                           
                           	
                              
                              
                              Month 10: 180 units

                              
                              

                           
                           
                           	
                              
                              
                              Month 11: 270 units

                              
                              

                           
                           
                           	
                              
                              
                              Month 12: 410 units

                              
                              

                           
                           
                           	
                              
                              
                              SUM: 3,720 units

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Production (Leveled): This row is left blank in the table.

                        
                        

                     
                     
                     	
                        
                        
                        Ending Inventory:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Initial inventory (Month 0): 520 units

                              
                              

                           
                           
                           	
                              
                              
                              Ending inventory after Month 12: 400 units

                              
                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-27: Completed MTS Level Production Plan
[image: A table outlining the sales plan, production (leveled), ending inventory, and average inventory for Family A: Vandalproof Commercial Doors, In-Stock All-Glass, over a 12-month period. Read long description below.]
                  
                  
                  The table provides a comprehensive monthly overview of the sales plan, production
                     (leveled), ending inventory, and average inventory for Family A: Vandalproof
                     Commercial Doors, In-Stock All-Glass. It is organized into rows representing different
                     categories of data and columns representing each month from 0 to 12, including a “SUM”
                     column for totals.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Sales Plan: Monthly planned sales quantities.

                        
                        
                        
                        
                           
                           	
                              
                              
                              Month 1: 460 units

                              
                              

                           
                           
                           	
                              
                              
                              Month 2: 450 units

                              
                              

                           
                           
                           	
                              
                              
                              Month 3: 410 units

                              
                              

                           
                           
                           	
                              
                              
                              Month 4: 350 units

                              
                              

                           
                           
                           	
                              
                              
                              Month 5: 320 units

                              
                              

                           
                           
                           	
                              
                              
                              Month 6: 280 units

                              
                              

                           
                           
                           	
                              
                              
                              Month 7: 250 units

                              
                              

                           
                           
                           	
                              
                              
                              Month 8: 190 units

                              
                              

                           
                           
                           	
                              
                              
                              Month 9: 150 units

                              
                              

                           
                           
                           	
                              
                              
                              Month 10: 180 units

                              
                              

                           
                           
                           	
                              
                              
                              Month 11: 270 units

                              
                              

                           
                           
                           	
                              
                              
                              Month 12: 410 units

                              
                              

                           
                           
                           	
                              
                              
                              SUM: 3,720 units

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Production (Leveled): Monthly leveled production quantities.

                        
                        
                        
                        
                           
                           	
                              
                              
                              Months 1-12: 300 units each month

                              
                              

                           
                           
                           	
                              
                              
                              SUM: 3,600 units

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Ending Inventory: Monthly ending inventory levels.

                        
                        
                        
                        
                           
                           	
                              
                              
                              Month 0: 520 units (initial inventory)

                              
                              

                           
                           
                           	
                              
                              
                              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: Monthly average inventory levels.

                        
                        
                        
                        
                           
                           	
                              
                              
                              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 2-17: Production Planning Methods
[image: A line graph shows fluctuations in demand and how each production strategy responds to these changes over time. Go to long description for more details.]
                  
                  
                  The image is a line graph depicting sales ($ millions) over time (periods)
                     with three different production strategies compared against demand. The
                     x-axis represents time in periods, and the y-axis represents sales in
                     millions of dollars.

                  
                  
                  
                  
                     
                     	
                        
                        
                        The brown solid line represents demand.

                        
                        

                     
                     
                     	
                        
                        
                        The grey dashed line represents the level production strategy.

                        
                        

                     
                     
                     	
                        
                        
                        The black dashed line represents the chase production strategy.

                        
                        

                     
                     
                     	
                        
                        
                        The orange solid line represents the hybrid production strategy.

                        
                        

                     

                  
                  
                  
                  The level production strategy remains constant at around $3 million. The
                     chase production strategy follows the demand closely, rising and falling
                     with the demand changes. The hybrid strategy adjusts less frequently than
                     the chase strategy but more frequently than the level strategy, aiming to
                     balance the two approaches.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-18: Level (Production Leveling) Strategy
[image: A line graph depicting the relationship between the forecast, inventory plan, and production plan over the course of a year for the level production strategy. Read long description below.]
                  
                  
                  The x-axis represents the months (1 to 12). The y-axis
                     represents the number of units (0 to 600).

                  
                  
                  
                  Three lines are shown:

                  
                  
                  
                  
                     
                     	
                        
                        
                        The brown dashed line with open circles represents the Year 2
                           (Y2) Forecast.

                        
                        

                     
                     
                     	
                        
                        
                        The black dotted line with open circles represents the Inventory
                           Plan.

                        
                        

                     
                     
                     	
                        
                        
                        The orange solid line with open circles represents the Production
                           Plan.

                        
                        

                     

                  
                  
                  
                  The Y2 Forecast line shows fluctuations in units throughout the year,
                     starting above 400 units in January, steadily declining to below 200
                     units around Month 9, and rising again above 400 units towards the end
                     of the year. The Inventory Plan line also fluctuates, beginning above
                     300 units, dropping steadily to below 100 units in Month 5, steadily
                     increasing again to around 500 units in Month 11, and dropping again to
                     400 units at the end of the year. The Production Plan line remains
                     constant at around 300 units throughout the year.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-20: Chase (Demand Matching) Strategy
[image: A line graph showing the relationship between the forecast, inventory plan, and production plan over the course of a year for the chase, or demand matching, strategy. Go to long description for more details.]
                  
                  
                  The x-axis represents the months (1 to 12). The y-axis
                     represents the number of units (0 to 600).

                  
                  
                  
                  Three lines are shown:

                  
                  
                  
                  
                     
                     	
                        
                        
                        The brown dashed line with open circles represents the Year 2
                           (Y2) Forecast.

                        
                        

                     
                     
                     	
                        
                        
                        The black dotted line with open circles represents the Inventory
                           Plan.

                        
                        

                     
                     
                     	
                        
                        
                        The orange solid line with open circles represents the Production
                           Plan.

                        
                        

                     

                  
                  
                  
                  The Y2 Forecast and Production Plan lines closely follow each other,
                     starting at around 450 units in January, gradually decreasing to around
                     150 units in August, and then increasing again to around 450 units in
                     December. The Inventory Plan line remains constant at 0 units throughout
                     the year.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-22: Supplemented Minimum-Level Outsourcing/Subcontracting Strategy
[image: A line graph showing the relationship between the forecast, inventory plan, and production plan over the course of a year for the supplemented minimum-level outsourcing/subcontracting strategy. Go to long description for more details.]
                  
                  
                  The x-axis represents the months (1 to 12). The y-axis
                     represents the number of units (0 to 600).

                  
                  
                  
                  Three lines are shown:

                  
                  
                  
                  
                     
                     	
                        
                        
                        The brown dashed line with open circles represents the Year 2
                           (Y2) Forecast.

                        
                        

                     
                     
                     	
                        
                        
                        The black dotted line with open circles represents the Inventory
                           Plan.

                        
                        

                     
                     
                     	
                        
                        
                        The orange solid line with open circles represents the Production
                           Plan.

                        
                        

                     

                  
                  
                  
                  The Y2 Forecast line starts at around 450 units in January, gradually
                     decreases to around 150 units in August, and then increases again to
                     around 450 units in December. The Production Plan line remains constant
                     at around 150 units throughout the year. The Inventory Plan line remains
                     constant at 0 units throughout the year.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-23: Example of Hybrid Strategy
[image: A line graph showing the relationship between the forecast, inventory plan, and production plan over the course of a year for the hybrid strategy. Read long description below.]
                  
                  
                  The x-axis represents the months (1 to 12). The y-axis
                     represents the number of units (0 to 600).

                  
                  
                  
                  Three lines are shown:

                  
                  
                  
                  
                     
                     	
                        
                        
                        The brown dashed line with open circles represents the Year 2
                           (Y2) Forecast.

                        
                        

                     
                     
                     	
                        
                        
                        The black dotted line with open circles represents the Inventory
                           Plan.

                        
                        

                     
                     
                     	
                        
                        
                        The orange solid line with open circles represents the Production
                           Plan.

                        
                        

                     

                  
                  
                  
                  The Y2 Forecast line starts at around 450 units in January, gradually
                     decreases to around 150 units in August, and then increases again to
                     above 400 units in December. The Production Plan line starts at around
                     375 units in January, remains constant until May, then decreases to
                     around 225 units in June, and again remains constant until November
                     before increasing to around 375 units in December. The Inventory Plan
                     line fluctuates greatly, starting at around 175 units in January,
                     decreasing to around 0 units in April, increasing to around 100 units in
                     June, decreasing to around 0 units in August, increasing to 150 units in
                     November, then decreasing again to around 100 units in December.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-42: Bill of Resources
[image: A table showing the usage of polycarbonate, labor, and work center hours for Families A, B, and C of Vandalproof Glass Commercial Doors, along with the total (SUM) for each category. Read long description below.]
                  
                  
                  The table provides detailed information on the usage of polycarbonate (recycled, in
                     tons), labor (standard hours), and Work Center 23 (standard hours) for different
                     families of vandalproof glass commercial doors. It includes data for Family A (In-Stock
                     All-Glass), Family B (Custom All-Glass), and Family C (Custom Small Window), with
                     a
                     total sum for each category.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Product Categories:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Polycarbonate Supplier, Recycled (tons):

                              
                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Family A: 0.0036 tons

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Family B: 0.0038 tons

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Family C: 0.0009 tons

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    SUM: 0.0083 tons

                                    
                                    

                                 

                              
                              

                           
                           
                           	
                              
                              
                              Labor (standard hours):

                              
                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Family A: 3.3 hours

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Family B: 3.9 hours

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Family C: 2.7 hours

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    SUM: 9.9 hours

                                    
                                    

                                 

                              
                              

                           
                           
                           	
                              
                              
                              Work Center 23 (standard hours):

                              
                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Family A: 0.6 hours

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Family B: 0.7 hours

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Family C: 0.2 hours

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    SUM: 1.5 hours

                                    
                                    

                                 

                              
                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-43: Resource Plan: Load versus Capacity on Critical Resources for One Quarter
[image: Table showing Q1 production and resource loads for three door families, including polycarbonate, labor, and work center hours, with totals, capacity available, and load percentages. Go to long description for details.]
                  
                  
                  This table outlines the Q1 production plan for Families A, B, and C of vandalproof
                     glass commercial doors, specifically for In-Stock All-Glass (Family A), Custom All-Glass
                     (Family B), and Custom Small Window (Family C) categories. The table is divided into
                     multiple sections, each providing specific information on production units, resource
                     usage, and capacity load.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Production Plan (units):

                        
                        
                        
                        
                           
                           	
                              
                              
                              Family A: 900 units

                              
                              

                           
                           
                           	
                              
                              
                              Family B: 1,500 units

                              
                              

                           
                           
                           	
                              
                              
                              Family C: 2,400 units

                              
                              

                           
                           
                           	
                              
                              
                              Total Load: 4,800 units

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Polycarbonate, Recycled (tons):

                        
                        
                        
                        
                           
                           	
                              
                              
                              Family A: 3.24 tons

                              
                              

                           
                           
                           	
                              
                              
                              Family B: 5.70 tons

                              
                              

                           
                           
                           	
                              
                              
                              Family C: 2.16 tons

                              
                              

                           
                           
                           	
                              
                              
                              Total Load: 11.10 tons

                              
                              

                           
                           
                           	
                              
                              
                              Capacity Available: 15.00 tons

                              
                              

                           
                           
                           	
                              
                              
                              Load (%): 74%

                              
                              

                           
                           
                           	
                              
                              
                              Target Load (%): <80%

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Labor (standard hours):

                        
                        
                        
                        
                           
                           	
                              
                              
                              Family A: 2,970 hours

                              
                              

                           
                           
                           	
                              
                              
                              Family B: 5,850 hours

                              
                              

                           
                           
                           	
                              
                              
                              Family C: 6,480 hours

                              
                              

                           
                           
                           	
                              
                              
                              Total Load: 15,300 hours

                              
                              

                           
                           
                           	
                              
                              
                              Capacity Available: 19,500 hours

                              
                              

                           
                           
                           	
                              
                              
                              Load (%): 78%

                              
                              

                           
                           
                           	
                              
                              
                              Target Load (%): <80%

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Work Center 23 (standard hours):

                        
                        
                        
                        
                           
                           	
                              
                              
                              Family A: 630 hours

                              
                              

                           
                           
                           	
                              
                              
                              Family B: 1,050 hours

                              
                              

                           
                           
                           	
                              
                              
                              Family C: 480 hours

                              
                              

                           
                           
                           	
                              
                              
                              Total Load: 2,160 hours

                              
                              

                           
                           
                           	
                              
                              
                              Capacity Available: 2,700 hours

                              
                              

                           
                           
                           	
                              
                              
                              Load (%): 80%

                              
                              

                           
                           
                           	
                              
                              
                              Target Load (%): <80%

                              
                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-35: Lead and Lag Approach to Changing Capacity
[image: A graph showing the relationship between volume (units per week) and time, illustrating lead and lag capacity strategies. Go to long description for more details.]
                  
                  
                  This graph visualizes two different capacity strategies, lead and lag, in
                     relation to demand over time.

                  
                  
                  
                  
                     
                     	
                        
                        Vertical Axis (Volume): Ranges from 0 to 6,000 units per
                           week.

                        

                     
                     
                     	
                        
                        Horizontal Axis (Time): Represents the progression of
                           time.

                        

                     

                  
                  
                  
                  Components of the Graph:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Solid Orange Line (Demand): Shows the increasing demand
                           over time in a smooth curve.

                        
                        

                     
                     
                     	
                        
                        
                        Solid Black Stepped Line (Lead Capacity Strategy):
                           Represents the lead capacity strategy where capacity is
                           increased ahead of demand, leading to capacity always exceeding
                           demand.

                        
                        

                     
                     
                     	
                        
                        
                        Dashed Gray Stepped Line (Lag Capacity Strategy):
                           Represents the lag capacity strategy where capacity is increased
                           after demand has already increased, resulting in periods where
                           capacity lags behind demand.

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-36: Tracking Capacity Strategy Approach
[image: A graph showing the relationship between volume and time, illustrating periods where capacity either exceeds or lags behind demand. Go to long description for more details.]
                  
                  
                  This graph visualizes how capacity adjustments impact the balance between
                     capacity and demand over time. The vertical axis represents volume and
                     the horizontal axis represents the progression of time.

                  
                  
                  
                  Components of the Graph:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Solid Orange Line (Demand): Shows the increasing demand
                           over time in a smooth curve.

                        
                        

                     
                     
                     	
                        
                        
                        Solid Gray Stepped Line (Capacity): Represents the
                           capacity adjustments made in steps.

                        
                        

                     
                     
                     	
                        
                        
                        Dashed Arrows: Indicate the periods where capacity either
                           exceeds or lags behind demand.

                        
                        

                     

                  
                  
                  
                  Labels:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Capacity Exceeds Demand: Arrow pointing to the area where
                           the solid gray stepped line is above the solid orange line.

                        
                        

                     
                     
                     	
                        
                        
                        Demand Exceeds Capacity: Arrow pointing to the area where
                           the solid orange line is above the solid gray stepped line.

                        
                        

                     
                     
                     	
                        
                        
                        Existing Inventory Covers Period of Undercapacity: Arrow
                           pointing to the area where the solid orange line exceeds the
                           solid gray stepped line, indicating that inventory is used to
                           cover the shortfall.

                        
                        

                     

                  
                  
                  
                  The graph illustrates the dynamic balance between capacity and demand,
                     showing how inventory can be used to cover periods of undercapacity and
                     how adjustments in capacity are made in steps.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-38: Effects of Size of Capacity Increase on Overcapacity
[image: Diagram comparing two capacity expansion plans over three years, each showing the relationship between demand and excess capacity. Go to long description for more details.]
                  
                  
                  This diagram illustrates two different strategies for expanding production
                     capacity over three years:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Left Side: Capacity Expansion Plan Based on Three
                              1,000-units-per-week plants

                        
                        
                        
                        
                           
                           	
                              
                              
                              Year 1: Demand is 500 units; there is excess capacity
                                 of 500 units.

                              
                              

                           
                           
                           	
                              
                              
                              Year 2:: Demand increases to 1,500 units; there is
                                 excess capacity of 500 units.

                              
                              

                           
                           
                           	
                              
                              
                              Year 3:: Demand increases to 2,500 units; there is
                                 excess capacity of 500 units.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Right Side: Capacity Expansion Plan Based on One
                              3,000-units-per-week plant

                        
                        
                        
                        
                           
                           	
                              
                              
                              Year 1: Demand is 500 units; there is excess capacity
                                 of 2,500 units.

                              
                              

                           
                           
                           	
                              
                              
                              Year 2: Demand increases to 1,500 units; there is
                                 excess capacity of 1,500 units.

                              
                              

                           
                           
                           	
                              
                              
                              Year 3: Demand increases to 2,500 units; there is
                                 excess capacity of 500 units.

                              
                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-39: Cost-Volume-Profit Analysis
[image: A break-even chart with Total Cost Curve and Total Sales Revenue Curve intersecting at the break-even point. Read long description below.]
                  
                  
                  This chart illustrates the relationship between unit sales (in thousands) and
                     revenue/cost (in dollars). The horizontal axis represents unit sales, ranging from
                     0 to
                     15 (thousand). The vertical axis represents revenue and cost in dollars, ranging from
                     $0
                     to $8,000,000.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Total Cost Curve: This is depicted by a dashed line that starts at
                           approximately $2,000,000 when unit sales are 0 and increases gradually.

                        
                        

                     
                     
                     	
                        
                        
                        Total Sales Revenue Curve: This is shown by a solid line that starts at $0
                           when unit sales are 0 and rises steeply.

                        
                        

                     
                     
                     	
                        
                        
                        Break-even Point: Marked by a vertical dotted line at about 5,600 unit
                           sales, where the Total Cost Curve and Total Sales Revenue Curve intersect.

                        
                        

                     

                  
                  
                  
                  On the left side of the break-even point, the chart indicates a “Loss” region where
                     the total costs exceed total sales revenue. On the right side, it indicates a “Profit”
                     region where total sales revenue exceeds total costs.

                  
                  
               
               Go to image in text.
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