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         Module 8: Distribution

         
         
         
         
            
            
            Module 8 includes the following sections:

            
            
            
            
               
               
               	
                  
                  
                  Section A,
                     “Planning Distribution,” addresses how organizations set a strategy for
                     distribution of their products and services, including network
                     configuration, transportation tradeoffs, delivery channels, and developing
                     the distribution plan.

                  
                  

               
               
               
               	
                  
                  
                  Section B, “Replenishment,” covers product distribution,
                     including replenishment planning, warehouse replenishment systems,
                     distribution requirements planning, 

                  
                  

               
               
               
               	
                  
                  
                  Section C, “Order Management, Trace/Track, and KPIs,” covers customer order
                     management, inventory traceability and tracking, and distribution
                     performance measurement.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Section A: Planning Distribution

         
         
         
         
            
            
            
               After completing
                  this section, students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Explain the
                     objectives of distribution inventory planning systems

                  
                  

               
               
               
               	
                  
                  
                  Describe network
                     configuration objectives

                  
                  

               
               
               
               	
                  
                  
                  Explain different
                     types of shipping costs

                  
                  

               
               
               
               	
                  
                  
                  List factors that
                     influence shipping rates

                  
                  

               
               
               
               	
                  
                  
                  Describe how
                     inventory levels and distribution center locations are determined

                  
                  

               
               
               
               	
                  
                  
                  Determine network configuration tradeoffs 

                  
                  

               
               
               
               	
                  
                  
                  Describe the
                     possible designs for supply chain networks

                  
                  

               
               
               
               	
                  
                  
                  Explain how
                     different channel service outputs can be value-added

                  
                  

               
               
               
               	
                  
                  
                  Describe a formal
                     process that brings all of the elements of network
                     design together and guides it to successful
                     implementation

                  
                  

               
               
               
               	
                  
                  
                  Customize a
                     distribution network design process to fit an
                     organization’s unique logistics needs

                  
                  

               
               
               
               	
                  
                  
                  Apply total cost
                     integration and systems philosophies to facilities
                     planning

                  
                  

               
               
               
               	
                  
                  
                  Use the
                     organization’s business strategy and the customers’
                     transportation requirements to drive the selection
                     of tradeoffs and the number of facilities

                  
                  

               
               
               
               	
                  
                  
                  Design the network
                     to meet inventory-level goals by determining where
                     inventory should be located and how frequent and
                     large orders should be

                  
                  

               
               
               
               	
                  
                  
                  Modify initial
                     network designs to account for a host of deployment
                     considerations such as proximity, labor rates,
                     taxes, etc.

                  
                  

               
               
               
               	
                  
                  
                  Ensure a smooth site
                     acquisition process by reviewing key factors at the
                     national, regional, and local site selection
                     levels

                  
                  

               
               
               
               	
                  
                  
                  Use tools and
                     techniques such as cost-volume analysis or the
                     weighted factor rating method to design optimum
                     networks of nodes and links

                  
                  

               
               
               
               	
                  
                  
                  Understand the
                     concepts behind optimization, simulation, and
                     heuristic network design modeling tools

                  
                  

               
               
               
               	
                  
                  
                  Validate that a
                     network (re)design is performing to
                     expectations.

                  
                  

               
               
               
               	
                  
                  
                  Differentiate order channnels, order fulfillment
                     channels, distribution networks, and order
                     fulfillment channels.

                  
                  

               
               

            
            
            
            Distribution planning involves finding the
               optimal distribution system for the organization’s products and services. Risks and
               tradeoffs need to be considered when developing a distribution plan.

            
            
            
            The task of network design—which
               was already incredibly complex—is becoming ever more complex and
               challenging in the global economy. This section helps break down
               that complexity into an analysis of planning factors. Quantifying
               these planning factors is the key to transforming this daunting task
               into a series of achievable steps.

            
            
            
            The section reviews the process
               that logistics professionals need to use to move from the
               organization’s as-is state to its to-be state, including
               implementation. Part of implementation is actual site selection, so
               there is a discussion of some considerations to ensure that this
               goes smoothly. Some sophisticated modeling tools are also outlined
               that can help simplify these highly complex and interrelated
               decisions.

            
            

         
         
         
         
   
      
         
         
         
         Distribution and Inventory
            Planning

         
         
         
         
            
            
            Distribution planning is introduced here,
               starting with some terminology and then by showing where distribution and
               distribution planning fit into the larger process. Since distribution relies
               on logistics to make it efficient and effective, some logistics principles
               are discussed after that. We also show how lean principles can help make a
               distribution network efficient. We conclude with an overview of distribution
               planning strategy.

            
            

         
         
         
         
         
            
            
            Distribution and Logistics
               Overview

            
            
            
            
               
               
               The ASCM Supply
                     Chain Dictionary defines distribution
                  as:

               
               
               
               
                  
                  
                     The activities associated with the movement of material, usually finished goods or
                        service parts, from the manufacturer to the customer. These activities encompass the
                        functions of transportation, warehousing, inventory control, materials handling, order
                        administration, site and location analysis, industrial packaging, data processing,
                        and the communications network necessary for effective management. It includes all
                        activities related to physical distribution as well as the return of goods to the
                        manufacturer. In many cases, this movement is made through one or more levels of field
                        warehouses. Syn.: physical distribution.
                     

                  

               
               
               
               A
                  distribution network includes several major roles. At one end are suppliers
                  and the manufacturer. The manufacturer focuses on the development and
                  production of products and initiates the distribution process. The other end
                  of the channel is the direct customer, or, in many cases, the retailer or
                  other party who sells goods and services directly to the customer. Between
                  the two are distribution and distribution requirements planning. Logistics
                  includes management of the materials coming in to the manufacturer as well
                  as the goods and services going out to the distribution network plus
                  management of bidirectional information flows and opposite-direction cash
                  flow and returns. Some logistics principles are presented shortly, but first
                  it is important to understand the distinction between distribution planning
                  and distribution requirements planning.

               
               
               
               The ASCM Supply Chain Dictionary defines distribution
                     planning as:

               
               
               
               
                  
                  
                     The planning activities associated
                        with transportation, warehousing, inventory levels, materials handling, order
                        administration, site and location planning, industrial packaging, data processing,
                        and communications networks to support distribution.
                     

                  

               
               
               
               In the distribution planning process,
                  the distribution network and target inventory levels will be identified and
                  planned to ensure optimal material flows and customer satisfaction.

               
               
               
               The ASCM Supply Chain Dictionary defines distribution requirements planning (DRP) as:

               
               
               
               
                  
                  
                     The function of determining the need to replenish inventory at branch warehouses.
                        A time-phased order point approach often is used when the planned orders at the branch
                        warehouse level are “exploded” via material requirements planning (MRP) logic to become
                        gross requirements of the supplying source. In the case of multilevel distribution
                        networks, this explosion process can continue down through the various levels of regional
                        warehouses (e.g., master warehouse, factory warehouse, etc.) and become input to the
                        master production schedule (MPS).
                     

                  

               
               
               
               Note that DRP is not the only method for
                  planning network inventory. Several other planning philosophies and
                  techniques can be used: push/pull, optimization techniques, collaboration
                  techniques like vendor-managed inventory, demand-driven DRP, and so on. DRP
                  is useful in environments where the distribution network is complex,
                  involving numerous product families and products. DRP usually requires that
                  the organization have the ability to generate a forecast for each SKU (stock
                  keeping unit) that is to be planned using DRP. The planning philosophy
                  chosen will be dependent upon product, supply, and market characteristics.
                  An organization might need to consider using specific inventory deployment
                  strategies to overcome shortages or overstocks.

               
               
               
               Next we show where distribution falls
                  within the manufacturing planning and control (MPC) hierarchy, and then we
                  address distribution network design principles and logistics principles.

               
               

            
            
            
            
               
               
               Distribution in the MPC Hierarchy

               
               
               
               
                  
                  
                  As seen in Exhibit 8-1,
                     distribution requirements planning or another distribution system
                     interfaces with the production system at the master scheduling level.
                     Distribution requirements planning represents a source of demand and
                     so also becomes an input to demand management for priority planning
                     over various other time horizons.

                  
                  
                  
                  
                     Exhibit 8-1: Manufacturing Planning and Control[image: This diagram represents the integration of demand-side activities, strategic and business planning, priority planning, supply-side activities, and production activity control in a manufacturing environment. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  

               
               

            
            
            
            
               
               
               Distribution Network Design Principles

               
               
               
               
                  
                  
                  No operation exists in isolation.
                     Every operation is a part of a larger interconnected network.
                     Distribution network design starts with setting the network’s
                     strategic objectives. This helps the organization decide how it wants
                     to influence the overall shape of its network, the location of each
                     operation, and how it should manage its overall capacity within the
                     network.

                  
                  
                  
                  Network design, as
                     seen in Exhibit 8-2, relates
                     to the decisions a company makes to link its operations with the
                     operations of other companies, either as a customer or as a supplier.
                     These relationships can number in the hundreds and even the thousands.
                     They form what is referred to as a manufacturer’s supply network or
                     supply chain.

                  
                  
                  
                  
                     Exhibit 8-2: Network Design Principles[image: A diagram consisting of three concentric circles, illustrating network design. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  The overall goal of any
                     distribution network is to provide a competitive advantage by meeting
                     or exceeding the required level of customer service, including desired
                     lead times, at a cost that leaves room for adequate profit while
                     keeping the product at a price that represents a value to the
                     customer. For example, placement of products close to the markets they
                     serve can be a competitive advantage when the competition’s cost of
                     reaching that same market is higher.

                  
                  
                  
                  Distribution planning is a systematic approach to
                     ensure that the process encompassing the delivery of goods to
                     distribution centers and from there to other intermediaries or
                     customers is done properly in regard to placement, quantities,
                     locations, timing, and so on. It also plans for both the demand trends
                     throughout the year (including seasonal variations) and anticipated
                     overall demand according to the current year’s forecast. When
                     distribution planning is done correctly, it increases the
                     organization’s efficiency. Supply shortages are minimized, as demand
                     is accounted for during the time of distribution. The costs of
                     ordering, transporting, and holding goods are also managed to be lower
                     overall. Another major advantage is that overall network inventory can
                     be kept at the desired level, avoiding both overages and
                     stockouts.

                  
                  

               
               

            
            
            
            
               
               
               Logistics Principles

               
               
               
               
                  
                  
                  Distribution is often discussed alongside the
                     supplier network used upstream from the manufacturer, since the
                     network as a whole has many similarities and can be optimized as a
                     whole. This is referred to as logistics (and an even broader term is
                     supply chain management). As the organization builds its logistics
                     network (both upstream and downstream), the following principles
                     apply:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Physical proximity.
                           Upstream supplier and downstream intermediate customer
                           (e.g., distribution center) locations affect landed costs,
                           or the price plus the cost of transportation. They also
                           affect lead times. Proximity facilitates face-to-face
                           communication, inspection and monitoring of product
                           quality, and the exchange of tacit knowledge.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Transportation considerations
                              and modes. The ASCM
                              Supply Chain Dictionary defines transportation as: “The function of planning, scheduling, and
                              controlling activities related to mode, vendor, and movement of inventories into and
                              out of an organization.” There are many transportation modes to select from,
                           including air, road, rail, water, and pipeline. Electronic
                           distribution can also be considered a transportation mode for
                           software, media, or other data. It is important to use the
                           appropriate mode of transportation based on the needs of the
                           product, the associated costs, and the ability to achieve
                           on-time delivery to the customer.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Tracking
                              capabilities. Suppliers, manufacturers, and
                           intermediate customers should provide tracking
                           capabilities between each other and to end customers. This
                           information needs to be accurate and available on
                           demand.

                        
                        

                     
                     

                  
                  
                  
                  As you can see, logistics and
                     related transportation considerations should be taken into account at
                     the start of network design.

                  
                  
                  
                  One goal of good logistics practices is to eliminate the bullwhip
                     effect by synchronizing the supply chain’s communications. Thinking
                     through and addressing concerns related to these logistics principles
                     will aid in designing a reliable network.

                  
                  
                  
                  There are other important network design principles
                     in relationships with supply and distribution intermediaries: ensuring
                     the dependability of the intermediaries and establishing collaborative
                     relationships with distributors to meet strategic performance
                     objectives.

                  
                  

               
               
               
               
                  
                  
                  Ensuring Dependability of Intermediaries

                  
                  
                  
                  
                     
                     
                     One principle is to ensure the dependability of
                        supply chain intermediaries; you are looking for high-quality partners to ensure
                        high-quality supply and distribution services. This might strike some as a
                        platitude, but the mathematics and implications of this principle are as
                        follows:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           If materials move through seven stages of
                              operations in a supply chain, even a one percent error in delivery
                              reliability (or supply quality, damage to goods, etc.) at each stage means
                              that only 93.2 percent delivery reliability is being achieved (0.99 × 0.99 ×
                              0.99 × 0.99 × 0.99 × 0.99 × 0.99 = 0.932 = 93.2%).

                           
                           

                        
                        
                        
                        	
                           
                           
                           Quality planning and control systems need
                              to be in place in all stages of the supply chain.

                           
                           

                        
                        

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Establishing Collaborative Relationships

                  
                  
                  
                  
                     
                     
                     Another principle relates to establishing
                        collaborative relationships with suppliers and customers to meet strategic
                        performance objectives. A collaborative relationship will build better communication
                        and stronger trust and encourage the sharing of common resources. The implications
                        are as follows:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Relationships with supply chain
                              partners need to change from transactional and adversarial to strategic.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Where feasible, suppliers and customers
                              need to explore and form relationships that provide a mutual benefit, such
                              as improving their ability to meet quality, speed, dependability, cost, and
                              flexibility objectives.

                           
                           

                        
                        

                     
                     
                     
                     These principles can be used to shape the
                        relationship with upstream and downstream customers and suppliers.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Distribution Inventory Planning Systems

            
            
            
            
               
               
               Here we present objectives of distribution inventory
                  planning systems, how lean can influence distribution network design, and
                  the process of developing a distribution planning strategy.

               
               

            
            
            
            
               
               
               Objectives of Distribution Inventory Planning Systems

               
               
               
               
                  
                  
                  The objectives of distribution
                     inventory planning systems include providing the targeted level of
                     customer service at the lowest cost and with the smoothest interaction
                     between supply chain partners (e.g., factories or distribution
                     centers).

                  
                  
                  
                  Here the
                     customer service objective is to meet customer service targets or fill
                     rates at each stockkeeping location. Distribution networks often have
                     a central supply distribution center (DC) that in turn provides
                     inventory to a set of regional DCs, but the regional DCs may vary
                     which inventory items they hold based on demand patterns, ordering
                     other items only on demand.

                  
                  
                  
                  The major costs to minimize include transportation
                     and carrying costs (which include materials-handling and other
                     warehouse costs). Efficient transactions with suppliers can also
                     reduce costs (including stockout costs), so part of this objective is
                     to minimize scheduling problems, such as by communicating the reasons
                     for larger or smaller orders than normal (e.g., to increase safety
                     stock, due to excess inventory) rather than keeping the factory
                     guessing.

                  
                  
                  
                  Two
                     major controllable costs for distribution inventory planning are
                     materials handling and inventory turnover. Finding ways to reduce the
                     number of times materials need to be handled reduces carrying cost.
                     Similarly, moving materials more quickly to their destinations makes
                     for faster turnover. One example of a way to do both is cross-docking,
                     where the DC unloads unit loads from various suppliers and sorts them
                     immediately into assortments for other DCs or other types of
                     downstream customers. This minimizes materials handling, since the
                     units skip the handling to put the materials into inventory and later
                     to pick them from inventory. It increases turnover because the units
                     are not sitting in inventory for a duration of time.

                  
                  

               
               

            
            
            
            
               
               
               Lean for Distribution Network Design

               
               
               
               
                  
                  
                  Lean includes concepts and
                     tools that can be applied to distribution network design to streamline
                     the network and increase collaboration with upstream and downstream
                     customers and suppliers. Many organizations see lean only as a way to
                     reduce waste, when in reality it can do so much more. If lean is
                     applied throughout the network, it can deliver flexible and quick
                     responses to customer demand throughout the value chain. As
                     organizations work with others in their network, they need to ensure
                     that everyone in the network, from the earliest raw material suppliers
                     through to the ultimate customer, understands that they have a shared
                     destiny.

                  
                  
                  
                  Lean’s key elements
                     in the manufacturing network are described in Exhibit 8-3.

                  
                  
                  
                  
                     Exhibit 8-3: Lean Elements within the Network
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                                       Lead time and
                                          time horizon shortening

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Lean will work
                                          to reduce time horizons and shorten the space
                                          between time fences by working with suppliers to
                                          deliver in shorter lead times. If possible, lead
                                          times are reduced to the point where all
                                          production is based on actual orders.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Dock-to-stock

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Dock-to-stock is defined in the ASCM Supply Chain Dictionary as “A program through which specific quality
                                             and packaging requirements are met before the product is released. Prequalified
                                             product is shipped directly into the customer’s inventory. Dock-to-stock eliminates
                                             the
                                             costly handling of components, specifically in receiving and inspection, and enables
                                             product to move directly into production. Syn.: ship-to-stock.”

                                       
                                       
                                       
                                       

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Value stream
                                          mapping

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Value stream
                                          mapping is a lean production tool to visually
                                          understand the flow of materials from supplier to
                                          customer that includes the current process and
                                          flow as well as the value-added and
                                          non-value-added time of all the process steps. It
                                          is used to lead to reduction of waste, decrease
                                          flow time, and make the process flow more
                                          efficient and effective.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Lean Six Sigma (LSS)

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Lean Six Sigma is a methodology that combines the improvement
                                          concepts of lean and six sigma and focuses on both problem solving and process
                                          improvement. It uses the seven wastes of lean and the DMAIC (define, measure,
                                          analyze, improve, control) process from six sigma and awards recognition of
                                          competence through judo-style belts. The six sigma approach includes producing
                                          only 3.4 defects for every one million opportunities or operations.

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                  
                  

               
               
               
               
                  
                  
                  Don’t Hide Quality Problems with Excess Inventory

                  
                  
                  
                  
                     
                     
                     A lean principle is to not hide quality problems with
                        excess inventory. Safety stocks or buffer inventories are used in traditional
                        operations to lessen the impact of supply or demand variability, quality issues, and
                        so on. While lean systems may still rely on buffers to some extent, the intent is
                        to
                        purposely drive excess inventory out of the system. This creates risks and
                        opportunities, especially when just-in-time (JIT) delivery of supplies is used in
                        a
                        lean operation. The risks relate to the same variability or quality issues just
                        mentioned, but with JIT, the issues could become severe faster. The opportunities
                        include that the problems become obvious and the organization can then work to fix
                        them rather than just learning to live with them. Continuous improvement efforts
                        relating to quality and delivery are important in reducing the use of buffers. Close
                        cooperation with suppliers is essential.

                     
                     
                     
                     If there are distribution network quality
                        problems, then the organization should progress toward improvement using an approach
                        such as the one recommended by Juran in Juran’s
                           Quality Handbook, which includes the following:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Create a joint team from the supplier
                              (e.g., manufacturer) and the intermediate customer to align, analyze, and
                              work on chronic problems.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Examine cost reduction opportunities; be
                              sure to include the cost of poor quality.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Analyze the value added by each link in
                              the supply chain.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Share information and ideas on a regular
                              basis throughout the supply chain.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Regularly collaborate on improvement
                              opportunities to generate value for customers and suppliers alike.

                           
                           

                        
                        

                     
                     
                     
                     The goal is to have the supply chain operate as a
                        single process, as opposed to disconnected parts, with collaboration as the new
                        norm.

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Distribution Planning Strategy

               
               
               
               
                  
                  
                  After an organization has determined the
                     principles it will use to guide its strategy, the next step is to
                     formally develop a distribution planning strategy. This starts with
                     mapping the organization’s strategic plan to the different channel
                     structures to determine the best fit. Distribution strategy can be
                     summarized by the answers to three main questions:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        How does the organization get the product from the
                           manufacturing point to the customer?

                        
                        

                     
                     
                     
                     	
                        
                        
                        How does the organization control costs and save time
                           while executing the distribution strategy?

                        
                        

                     
                     
                     
                     	
                        
                        
                        How does the organization build a competitive advantage
                           through distribution?

                        
                        

                     
                     

                  
                  
                  
                  Organizations have three basic options to consider
                     in terms of channel distribution, as shown in Exhibit 8-4.

                  
                  
                  
                  
                     Exhibit 8-4: Distribution Channel Structures[image: A diagram showing three different distribution pathways from Manufacturer to Customer. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Direct/internal
                              channel. The manufacturer performs all
                           marketing, distribution, and sales functions internally.
                           In this channel, the manufacturer sells and delivers
                           products directly to end users. This method is often
                           associated with make-to-order products, unlike most
                           distribution networks, which focus on make-to-stock (MTS)
                           since MTS is regularly producing inventory in advance that
                           needs distributing. Examples could include the sale of jet
                           engines directly to an end user such as an airplane
                           manufacturer.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Exclusive and select
                              channel. The manufacturer relies on a limited
                           number of distributors and retailers, such as automobile
                           dealers and branded high-end apparel stores, for customer
                           sales and support.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Complex channel. The
                           manufacturer relies on its own internal distribution
                           functions, such as regional warehousing, in combination
                           with external institutional channels. External channels
                           might include regional, national, and global distributors
                           and retailers, such as mass merchandisers. This option is
                           especially feasible when selling a high volume of products
                           to a broad market and customer base.

                        
                        

                     
                     

                  
                  
                  
                  It is difficult to create a supply channel
                     strategy without discussing risk. All forms of strategy involve some
                     element of risk. The more complex the distribution strategy, the
                     greater the exposure to unplanned risks. In distribution planning, it
                     is important to identify the risk, analyze the exposure, and create
                     contingency plans.

                  
                  
                  
                  Risks
                     associated with distribution planning include but are not limited
                     to

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Transportation failure

                        
                        

                     
                     
                     
                     	
                        
                        
                        Climate/weather

                        
                        

                     
                     
                     
                     	
                        
                        
                        Quality issues

                        
                        

                     
                     
                     
                     	
                        
                        
                        Loss
                           of assets

                        
                        

                     
                     
                     
                     	
                        
                        
                        Imposed regulations

                        
                        

                     
                     
                     
                     	
                        
                        
                        Labor
                           availability

                        
                        

                     
                     
                     
                     	
                        
                        
                        Network congestion and disruption

                        
                        

                     
                     
                     
                     	
                        
                        
                        Poor
                           profitability.

                        
                        

                     
                     

                  
                  
                  
                  Three risks particularly
                     associated with international distribution are asset protection,
                     network congestion/disruption, and profitability. Selection of the
                     appropriate channel structure or network depends on a number of
                     strategic factors.

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Network
            Configuration

         
         
         
         
            
            
            Here we start by discussing the objectives of network
               configuration. Then we turn to considerations for various aspects of network
               configuration, starting with distribution center (DC) design, which may need to
               accommodate things like final assembly. In addition, the optimum network will
               reflect customer requirements and have the right number of DCs in the right
               locations. 

            
            

         
         
         
         
         
            
            
            Network Configuration
               Objectives

            
            
            
            
               
               
               Network configuration involves determining an optimal
                  distribution network in the face of numerous tradeoffs between options that cannot
                  all simultaneously be individually optimized. Distribution
                     network is defined in the ASCM Supply Chain
                     Dictionary as:

               
               
               
               
                  
                  
                     The planned channels of inventory disbursement from one or more sources to distribution
                        warehouses and ultimately to the customer. There may be one or more levels in the
                        distribution network. Syn.: bill of distribution. See: distribution system.
                     

                  

               
               
               
               This structure may exist as any combination
                  of manufacturing facilities, warehouses, and/or retail locations,
                  connected by transportation that carries inventory from location
                  to location.

               
               
               
               An important tradeoff
                  in network configuration is cost versus customer service. Network
                  costs include the initial and ongoing costs of the distribution
                  centers (DCs) as well as the ongoing costs of the inventory in the
                  network.

               
               
               
               Inventory is an asset
                  on the balance sheet that is expensive to maintain, and the number
                  and location of intermediaries impacts the total level of inventory
                  in the system. More locations increase the total level of inventory
                  in terms of both cycle stock and safety stock. (While safety stock
                  per location can be lower with more locations, the total amount
                  of safety stock in the network is greater overall.) However, having
                  more locations improves customer service by reducing average lead
                  times. More locations may also reduce transportation costs, for
                  example, if goods can be shipped in bulk at lower cost to the DC
                  and the more expensive shipments of individual items can travel
                  over shorter distances.

               
               
               
               Networks are becoming more automated and information-rich.
                  This is making them more flexible while allowing them to carry less inventory in the
                  aggregate by being better informed on where inventory is being held and being more
                  targeted in where to keep it. Technologies that are enabling this shift include
                  global positioning systems (GPS) and radio frequency identification (RFID) plus
                  system visibility technologies such as the Internet of Things (IoT), supply chain
                  event management (SCEM), or logistics control towers.

               
               

            
            

         
         
         
         
            
            
            Transportation and Warehousing

            
            
            
            
               
               
               To understand how transportation
                  and warehousing work together to minimize distribution costs, we
                  need to first look at shipping patterns and shipping costs.

               
               

            
            
            
            
               
               
               Shipping
                  Patterns

               
               
               
               
                  
                  
                   Exhibit 8-5 shows
                     how shipping patterns have distinct legs regardless of the shipping mode
                     used. Local delivery is from a shipper or consignor (seller) to
                     a local terminal, then there is a long line-haul leg to another
                     terminal, and this is followed by a final local delivery leg from
                     the terminal to the consignee (buyer). Line haul refers to the main
                     portion of the trip, while the other portions are called local delivery
                     or pickup and delivery.

                  
                  
                  
                  
                     Exhibit 8-5: Shipping Patterns[image: Diagram of a freight move from consignor to consignee: local pickup to a terminal, long-haul transport by ship, truck, rail, air, or pipeline to another terminal, then last-mile delivery to the consignee. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  The ASCM Supply Chain
                        Dictionary defines terminals as:

                  
                  
                  
                  
                     
                     
                        In transportation, locations where carriers
                           load and unload goods to and from vehicles. They also are used to make connections
                           between
                           local pickup and delivery services and line-haul services. Functions performed in
                           terminals include weighing connections with other routes and carriers, vehicle
                           routing, dispatching, maintenance, paperwork, and administration. Terminals may be
                           owned and operated by the carrier or the public.
                        

                     

                  
                  
                  
                  A
                     terminal might be a shipping port, a truck terminal, a rail terminal,
                     an airport, or a pipeline terminal, depending on the line-haul mode.

                  
                  
                  
                  Another shipping
                     pattern is a single trip from the shipper to the consignee. In this pattern,
                     there is only a line haul, with materials handling at each end.
                     Yet another pattern is called a milk run, where mixed loads may
                     be picked up from several suppliers.

                  
                  
                  
                  Note
                     that electronic delivery is considered an additional shipping pattern by some supply
                     chain professionals while others disagree. There is still a consignor and a
                     consignee, but the consignee is essentially picking up the virtual product from the
                     source, so some supply chain professionals think of this as if there is no
                     distribution function at all (much like when a buyer picks up a product from a
                     factory [i.e., ex works], meaning that the seller has no distribution requirement).
                     From a different perspective, the organization does bear some cost for supplying the
                     download functionality (directly or through a third party that manages the payment
                     and download process). If one assumes electronic delivery to be a form of
                     distribution, then it is a breakthrough strategy in that it creates a very low-cost
                     distribution network with near-instantaneous delivery and inventory that has a cost
                     for storage but very low cost to share a copy. However, this method obviously is
                     useful only for virtual products and services that can be digitized. (A physical
                     product often uses this method for technical manuals and so on as well.) Since the
                     main focus in this section is on products that require physical delivery, electronic
                     delivery is not addressed further in this general content area.

                  
                  
                  
                  Getting back to physical products, shipping patterns help
                     define shipping costs. These costs are dependent on carrier rates, which in turn
                     depend on trade units, unitization, and any special handling requirements.

                  
                  

               
               

            
            
            
            
               
               
               Shipping
                  Costs

               
               
               
               
                  
                  
                  There are
                     several basic types of shipping costs.

                  
                  
                  
                  
                     
                     
                     	
                        
                        Line haul cost. The ASCM
                              Supply Chain Dictionary defines this as:

                        
                        
                        
                           
                           The cost of carrier operations to move a container of freight, including drivers’
                                 wages and usage depreciation. These vary with the cost per mile, the distance shipped,
                                 and the weight moved. This cost is commonly expressed in relation to the hundredweight
                                 (cwt) of the shipment.

                           

                        
                        
                        Line-haul costs are costs for the main
                           portion of the transportation journey. Usage depreciation refers to charges
                           for vehicle wear and tear. 

                        
                        
                        
                        The ASCM Supply Chain
                              Dictionary defines total line-haul
                              cost as: “Basic costs of carrier operation to
                              move a container of freight, including drivers’ wages and usage depreciation, which
                              vary with the distance shipped and the cost per mile.” The total line-haul cost is treated as a variable cost because distance
                           is the primary factor involved and transport mode is a factor for this
                           because it impacts the cost per mile or kilometer. Total line-haul costs do
                           not depend primarily on weight. Vehicle weight is usually the majority of
                           the total weight, so an empty vehicle will bear most of the same costs as a
                           full one.

                        

                     
                     
                     
                     	
                        
                        
                        Main carriage. This is an alternate term for line haul that is the
                           more common term for the main leg of international transportation.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Pickup and
                              delivery costs. The ASCM Supply Chain Dictionary defines this
                           as:

                        
                        
                        
                        
                           
                           
                              Carrier charges for a shipment
                                 pickup plus the weight of that shipment. Costs can be reduced if several smaller
                                 shipments are consolidated and picked up in one trip.
                              

                           

                        
                        
                        
                        Pickup is more commonly called origin pickup, while the
                           delivery is more commonly called last-mile delivery. These are costs for
                           local pickup at the shipper for delivery to the terminal or for pickup from
                           a terminal for delivery to a consignee. The costs depend primarily on the
                           weight of the pickup and the number of pickups rather than the distance,
                           meaning that the time spent on the task is more of a cost factor than the
                           distance. Pickup and delivery costs are usually treated as fixed costs in
                           cost analyses. If one consolidated pickup can be made instead of two, this
                           reduces costs. Similarly, if weight can be reduced (e.g., shipping cola
                           syrup rather than cola with water added), this will reduce costs.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Terminal-handling charge. The
                           ASCM Supply Chain Dictionary defines
                           this as:

                        
                        
                        
                        
                           
                           
                              1) A carrier charge dependent on the number of times a shipment must be loaded, handled,
                                 and unloaded. Cost can be reduced by consolidating shipments into fewer parcels or
                                 by shipping in truckload quantities. 2) For shipping lines, the cost of paying container
                                 terminals for unloading and loading during shipment. These costs are borne by the
                                 shipping lines at the port of shipment or destination.
                              

                           

                        
                        
                        
                        These are fees charged by the terminal for materials
                           handling, inspections, and possibly customs. They are fixed costs that
                           depend on the number of times materials are handled, including loading and
                           unloading. Full loads can often be handled by large equipment (e.g., a crane
                           for containers), while partial loads usually need to be unloaded and
                           consolidated with other loads. Since rates are based on handling, higher
                           levels of unitization will reduce costs (e.g., shipping only full pallets).
                           Note that floor-loaded containers (shipping containers loaded without
                           pallets to maximize yield per container), depending on the products, may
                           have added labor charges for labor-intensive unloading and palletizing. The
                           use of barcodes or automated identification methods (e.g., RFID) also lowers
                           costs.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Billing and collecting costs. These
                           are the fixed administrative costs related to paying for the services
                           described above. Fewer shipments or fewer pickups and deliveries
                           will reduce these costs (similar to ordering costs).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Demurrage fees.
                           The ASCM Supply Chain Dictionary defines
                           demurrage as: “1) The carrier charges and fees applied when rail freight cars are retained beyond
                              a specified loading or unloading time. 2) Charges related to the amount of time that
                              filled containers spend within a port terminal beyond the free time offered by the
                              carrier. These charges are designed to limit the storage of containers at the port
                              for an extended time. See: detention, express.” 

                        
                        

                     
                     
                     
                     	
                        
                        
                        Detention.
                           The ASCM Supply Chain Dictionary defines detention as: “Carrier charges and fees applied when truck
                              trailers are retained beyond a specified loading or unloading time. See: demurrage,
                              express.”

                        
                        

                     
                     
                     
                     	
                        
                        
                        Import/export tariffs. These
                           are the import and export taxes levied by governments on specific
                           goods and services. They are often used as a political and economic
                           tool.

                        
                        

                     
                     

                  
                  
                  
                  There may also be fees charged for backhauling, but
                     these might be avoided if the carrier can find a way to transport a full or partial
                     load for the return trip rather than an empty backhaul (deadheading). The ASCM Supply Chain Dictionary defines backhauling as follows.

                  
                  
                  
                  
                     
                     
                        The process of a transportation vehicle returning from the original destination point
                           to the point of origin. The backhaul can be with a full, partial, or empty load. An
                           empty backhaul is called deadheading. See: deadhead.
                        

                     

                  
                  
                  
                  Note that online exchanges have emerged to improve asset
                     utilization on backhauls by allowing transporters to bid on loads originating in a
                     location where they will be making a delivery. Using a service such as this has
                     allowed transporters to price loads more competitively.

                  
                  
                  
                  Finally, carriers may charge fees or premiums
                     for expediting (requesting faster or more direct delivery than originally
                     promised) or for delays.

                  
                  

               
               

            
            
            
            
               
               
               Carrier Rates, Trade Units, Unitization,
                  and Special Handling

               
               
               
               
                  
                  
                  Shipping costs are heavily dependent on carrier rates.
                     Carriers—organizations that provide transportation services—may be subject to price
                     regulation in some countries, but transportation has been deregulated for the most
                     part (other than for safety regulations). Carriers have two basic rate structures
                     for the two basic types of trade units: full loads and partial loads. The full load
                     rate is usually called a truckload (TL) or full truckload (FTL) rate, but similar
                     terms exist for other modes of transport, such as carload for rail or containerload
                     for water. The partial load rate is usually called less-than-truckload (LTL), and,
                     likewise, there are related terms like less-than-carload or less-than-containerload.
                     Due to additional pickup and delivery, terminal handling, other materials handling,
                     and billing and collection costs related to LTL, the rates for this service are much
                     higher than for TL shipments. Therefore, shipping by TL is much less expensive, not
                     only because the rates are less but also because there will be fewer total loads to
                     transport.

                  
                  
                  
                  One tradeoff of using TL shipping is that it creates
                     lot-size inventory (cycle stock), and this will increase overall carrying costs.
                     This tradeoff may or may not overtake the other cost savings from using TL
                     shipments, since the carrying cost rate would need to be fairly high to do so, but
                     it is a factor to consider in total cost analysis.

                  
                  
                  
                  In addition to rates charged based on TL
                     and LTL, carriers charge different rates based on what is being
                     shipped and how it is packaged. What is being shipped could be an
                     item requiring normal or special handling. How it is packaged is
                     called unitization. Here are some factors that influence these rates:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Dangerous goods (hazmat) or oversize goods may require
                           specialized vehicles, certified handlers, arrangements with relevant
                           authorities for escort, and so on, and therefore typically cost more.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Perishable,
                           frozen, and refrigerated goods may require special vehicles and handling
                           equipment.

                        
                        

                     
                     
                     
                     	
                        
                        
                        High-value
                           goods have premium charges for providing security and to compensate for
                           the carrier’s increased liability related to damages.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Goods
                           that are susceptible to damage cost more, but the quality of packaging
                           can reduce these risks and thus also the charges.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Goods
                           that are packaged for easy handling (e.g., on pallets) have lower
                           rates than items that need more handling (e.g., floor-loaded containers)
                           or specialized handling equipment.

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Costs Related to Product Characteristics

               
               
               
               
                  
                  
                  There is a relationship between density and volume. Less dense
                     goods will fill the available volume faster and less can be shipped, so carrier
                     rates are higher. Dense goods cost relatively less to ship—except when they are so
                     dense that a vehicle weight limit is reached before the volume is maximized.
                     Reducing transportation costs involves working to fill a vehicle’s payload to the
                     maximum amount for each trip. Generally this means maximizing the weight being
                     shipped, which will in turn reduce the per-unit or per-weight line-haul costs. This
                     works well up to the vehicle’s weight limit. Other goods that cannot reach this
                     weight limit will work instead to maximize the volume of the payload used (e.g.,
                     stacking higher).

                  
                  

               
               

            
            
            
            
               
               
               How
                  Warehousing Can Reduce Transportation Costs

               
               
               
               
                  
                  
                  Based on these
                     costs, and, in particular, on the difference between TL and LTL
                     costs, warehousing can play a value-added role in reducing transportation
                     costs. However, warehouses cost money. This includes the cost of
                     the facility and its equipment and the cost of labor for materials
                     handling. The cost savings from using warehouses need to be higher
                     than the cost of the warehouse. One example of how warehouses can
                     add value is by allowing multiple LTL shipments to be combined into
                     fewer TL shipments for the line-haul part of a trip and then using
                     the distribution center (DC) to split these loads into local deliveries
                     to customers. Exhibit 8-6 illustrates
                     this difference.

                  
                  
                  
                  
                     Exhibit 8-6: Warehousing Adds Value by Enabling TL for Line Hauls[image: A diagram showing two scenarios for distributing goods from a factory to customers. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  In the initial scenario, orders are shipped
                     directly to customers (e.g., retailers) using separate LTL shipments. In the second
                     scenario, the shipments are combined into a single TL shipment to a DC in the local
                     area of the same customers. The DC splits the loads into local deliveries, which is
                     called break-bulk. The ASCM Supply Chain
                        Dictionary defines break-bulk as:

                  
                  
                  
                  
                     
                     
                        1) The process of dividing truckloads, railcars, or containers of homogeneous items
                           into smaller, more appropriate quantities for use. 2) A distribution center (DC) that
                           specializes in break-bulk activities. 3) Unitized cargo in bales, boxes, or crates
                           that is placed directly in a ship’s holds rather than in containers. See: break-bulk
                           warehousing.
                        

                     

                  
                  
                  
                  If the cost of the transportation and
                     warehousing services involved in the second scenario is less than the cost in the
                     first scenario, then the DC is adding value. DCs provide many similar value-added
                     services, such as consolidation of LTLs from various suppliers into TLs prior to the
                     line haul. The ASCM Supply Chain Dictionary defines freight consolidation as:

                  
                  
                  
                  
                     
                     The grouping of shipments to obtain reduced costs or improved utilization of the transportation
                           function. Consolidation can occur by grouping by market area, according to scheduled
                           deliveries, or within third-party pooling services, such as public warehouses and
                           freight forwarders. See: milk run.

                     

                  
                  
                  
                  When freight consolidation is performed at a DC that
                     supplies to retailers or at a fulfillment center (a type of DC used for fulfilling
                     direct online orders to consumers), it is sometimes called product mixing.
                     Consolidation or product mixing result in economies of scope: it provides the needed
                     variety of goods in one location, reducing the number of individual orders the
                     customer needs to place with different suppliers. This helps meet the goal of
                     reducing cost and increasing efficiency for the customer.

                  
                  
                  
                  Analyses of whether
                     to use DCs are often made for all shipments on an annual basis. Let’s
                     look at an example in which the cost of each alternative is calculated
                     and the least-cost method is chosen. Assume that the annual shipping
                     volume is 40,000 tons, the cost of LTL direct to customers is $100
                     per ton, the cost of TL shipments to the DC is $50 per ton, the
                     cost of local delivery is $10 per ton, and the DC’s inventory carrying cost
                     is $12 per ton. Exhibit 8-7 shows
                     the results of these calculations of tons times the cost per ton.

                  
                  
                  
                  
                     Exhibit 8-7: Example Comparing LTL Direct to TL with DC Costs[image: The table compares the costs of shipping 40,000 tons of goods using two different methods: Less Than Truckload (LTL) Direct and Truckload (TL) with Distribution Center (DC). Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  In
                     this case, the DC with full truckload line hauls saves $28 dollars
                     per ton, or $1.1 million at 40,000 tons.

                  
                  
                  
                  Note that these analyses might differentiate
                     between fixed and variable cost components for DCs. (For example,
                     the capital costs of the facility and the equipment are fixed costs.)
                     This results in a type of break-even analysis. Above a particular shipping
                     volume, it will be advantageous to use a DC; below that break-even
                     point, it is better to ship directly.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Designing Distribution Centers

            
            
            
            
               
               
               The work completed in distribution centers
                  (DCs) is now often much more complex than it used to be. Historically, a DC received
                  a pallet, stored it, broke it down into orders, and then shipped the orders out.
                  Many DCs continue to operate in this role, but even these may include complexities
                  such as enabling cross-docking (receiving and immediate order picking and
                  distribution without storage).

               
               
               
               Design of many DCs now needs to accommodate
                  complex value-added tasks and manufacturing requirements such as for
                  assemble-to-order, which uses modules to postpone assembly until orders arrive.
                  Value-added tasks could be simple, such as repackaging product into smaller or
                  larger units or providing location-specific labeling and price marking. Or they
                  could be complex, such as final assembly of modules or customizing hardware or
                  software configurations to customer specifications. Some DCs, such as those that
                  serve the automotive industry, are even producing some assemblies and delivering
                  them in milk runs (a regular route of deliveries with several stops) and may even
                  stock the materials at the required work centers on the assembly line. Changes such
                  as these require many DCs to rework their layouts to integrate final assembly layout
                  techniques. This impacts space, equipment, material, and worker requirements.

               
               
               
               The steps to custom-design a distribution center
                  are as follows:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                           Design a layout.
                           
                        Define
                           process requirements and flowchart the sequence of material handling and
                           processing steps. A basic DC process that must be done right is to
                           determine how to efficiently receive replenishment inventory (the
                           reorder quantity) and restock any order pick storage areas (areas used
                           for picking of individual units) and longer-term storage areas without
                           interfering with order picking or other warehouse services. The ASCM
                              Supply Chain Dictionary defines replenishment as: “Relocating material from a bulk storage
                              area to an order pick storage area and documenting this relocation.” Volume requirements also are considered as is the amount and desired
                           utilization level of available space (including vertical space).
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Refine the
                              layout.
                           
                        Distribution
                           centers can have from conventional to fully automated materials-handling
                           and production processes. The relative level of automation is determined
                           for the optimum layout.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Simulate the
                              process.
                           
                        Use computer
                           simulation to test the system design, throughput volumes, and
                           functions/systems integration.
                        

                     
                     

                  
                  

               
               
               
               Designing a distribution center that functions
                  more like a manufacturing plant requires thorough planning, starting with
                  conventional flowcharting and then performing optimization with computer
                  modeling.

               
               

            
            

         
         
   
      
         
         
         
         Design or Redesign a Logistics Network

         
         
         
         
            
            
            Network design or redesign is primarily a strategic-level process. Decisions made
               regarding
               what parties to include in the network and its size, physical assets, flexibility,
               and other
               characteristics fix in place most of the network’s cost characteristics. This includes
               not
               only fixed costs such as for a warehouse but also the range over which variable costs
               can be
               expected to vary. For example, the length of many line hauls will be determined. It
               is vital
               to get these decisions right because the network will be living (or dying) with these
               decisions until the organization and its supply chain partners decide to engage in
               redesign.

            
            
            
            Here we look at reasons for redesigning a logistics
               network and we walk through the steps in the network design process.

            
            

         
         
         
         
         
            
            
            Logistics Network Design Process

            
            
            
            
               
               
               According to the ASCM Supply Chain
                     Dictionary,
                  network
                     design is defined as:

               
               
               
               
                  
                  The design and periodic review of inbound and outbound
                     transportation networks—all types of warehouses by number, location, size, layout,
                     and
                     optimum mix of inventory levels per location—to meet the organization’s strategic
                     goals.
                     Considerations are made to balance tradeoffs among warehouse costs, transportation
                     times
                     and expenses, and customer service goals.

                  

               
               
               
               Network design or redesign typically requires the use of digital
                  transformation, and this often involves the larger project management processes of
                  program
                  or portfolio management to coordinate or orchestrate the multiple projects that will
                  be
                  needed to achieve the overall goal. Here is a road map of how to conduct digital
                  transformation for a supply chain:

               
               
               
               
                  
                  
                  	
                     
                     
                     Create the rationale and urgency for supply chain
                        transformation.

                     
                     
                     
                     
                        
                        	
                           
                           
                           Recognize the need for transformation,
                              develop or acquire transformational leadership, build support, and educate
                              stakeholders and teams.

                           
                           

                        
                        
                        	
                           
                           
                           Understand organizational and supply chain
                              strategy.

                           
                           

                        
                        
                        	
                           
                           
                           Carefully define the problem to be
                              solved.

                           
                           

                        
                        
                        	
                           
                           
                           Develop key team roles: evangelist
                              (champion), active executive sponsor, core steering team, and design team.

                           
                           

                        
                        
                        	
                           
                           
                           Use value propositions, frameworks, maturity
                              models, supply chain capability models, and tools that enable a detailed analysis
                              of
                              value streams and the desired conceptual process for each supply chain in the to-be
                              strategy.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Prepare for supply chain transformation.

                     
                     
                     
                     
                        
                        	
                           
                           
                           Develop a project portfolio charter and hold
                              a kickoff.

                           
                           

                        
                        
                        	
                           
                           
                           Scan the market for transformation drivers,
                              including market changes, technological advancements, and societal environment
                              (social imperatives such as sustainability) versus task environment (all external
                              stakeholders).

                           
                           

                        
                        
                        	
                           
                           
                           Assess the supply chain current state,
                              analyze gaps, and do maturity assessments.

                           
                           

                        
                        
                        	
                           
                           
                           Develop a new set of metrics for both as-is
                              and to-be measurement, map as-is processes, and model/analyze alternatives. Be sure
                              to set standardized metrics that have explicit definitions of what is and is not in
                              the metric and use an integrated measurement model that has lower levels of metrics
                              to cascade up to strategic-level metrics (note that SCOR DS, addressed elsewhere,
                              satisfies these requirements).

                           
                           

                        
                        
                        	
                           
                           
                           Identify transformation initiatives, collect
                              data, and set priorities.

                           
                           

                        
                        
                        	
                           
                           
                           Create portfolio plans (e.g., resources,
                              governance), a project portfolio road map, and a detailed business case that aligns
                              with corporate strategy and presents estimated project budgets.

                           
                           

                        
                        
                        	
                           
                           
                           Draft execution plans and prioritize projects
                              in the portfolio.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Execute the supply chain transformation.

                     
                     
                     
                     
                        
                        	
                           
                           
                           Tailor and roll out change management,
                              communications, and training.

                           
                           

                        
                        
                        	
                           
                           
                           Engage stakeholders throughout the
                              transformation process.

                           
                           

                        
                        
                        	
                           
                           
                           Decompose supply chain value streams and
                              create detailed to-be process maps.

                           
                           

                        
                        
                        	
                           
                           
                           Conduct pilot projects.

                           
                           

                        
                        
                        	
                           
                           
                           Implement individual projects: charter,
                              design, pilot, test, and deploy.

                           
                           

                        
                        
                        	
                           
                           
                           Scale up to enterprisewide solutions.

                           
                           

                        
                        
                        	
                           
                           
                           Disband teams formed to implement individual projects.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Review the supply chain transformation.

                     
                     
                     
                     
                        
                        	
                           
                           
                           Reassess transformation maturity, evaluate
                              results, and provide feedback and lessons learned.

                           
                           

                        
                        
                        	
                           
                           
                           Sustain improvements, implement corrective
                              actions, and identify future initiatives.

                           
                           

                        

                     
                     

                  
                  

               
               
               
               Exhibit 8-8 provides a simplified version of a logistics network design process. 

               
               
               
               Note how the process includes feedback loops. This
                  process is iterative, and there may be a loop back or an entire second pass to refine
                  earlier steps as needed. Also, once the process is done, lessons learned will help
                  keep
                  people accountable for results and to refine the process.

               
               
               
               
                  Exhibit 8-8: Logistics Network Design Process[image: This graphic outlines the logistics network design process in four key steps. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               

            
            
            
            
               
               
               Reasons for Redesigning a Network

               
               
               
               
                  
                  
                  Successful organizations periodically reassess their
                     distribution networks for a number of reasons:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        First, customers continue to increase their
                           expectations. Customers may have grown accustomed to having more choices, such as
                           the
                           same-day delivery a competitor offers.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Second, organizations often need to transform
                           their networks because of mergers and acquisitions. Mergers may increase the number
                           of
                           facilities substantially, and organizations will get the true benefits of economies
                           of
                           scale only if they remove redundancy. Even organizations that have grown on their
                           own
                           may find that they can achieve high customer service levels with far fewer
                           warehouses.

                        
                        

                     
                     
                     
                     	
                        
                        
                        A third common reason for a redesign is that
                           freight volumes may have shifted due to an increasing rate of change and volatility.
                           This includes higher levels of international trade, volatile prices, new international
                           trade strategies, changes in suppliers, introductions of new product lines, or shifting
                           customer demographics. The existing network may no longer be optimal, and only a
                           detailed analysis will determine how to fix it. There may come a time when a network
                           needs to be discontinued entirely. In these situations, relationships must be terminated
                           and inventory disposed of in a planned way.

                        
                        

                     
                     

                  
                  
                  
                  When designing or redesigning a logistics network,
                     the goal is to be low in total cost yet flexible. A high degree of integration and
                     sophistication is necessary to provide the desired flexibility, but beware of needless
                     complexity, which introduces bureaucracy and actually reduces flexibility. Networks
                     that are
                     lean will respond faster to demand changes. Overly simple networks can also fail to
                     provide
                     sufficient logistics services, so a delicate balancing act is required.

                  
                  

               
               

            
            
            
            
               
               
               Form Project Team and Set Scope, Milestones, Budget

               
               
               
               
                  
                  
                  Given a rationale and a sense of urgency for change from executives,
                     logistics and supply chain management professionals will form a network design team,
                     perhaps
                     with representatives from manufacturing, a senior management champion, and even supplier,
                     LSP/3PL, or customer representatives. Involving third-party participants such as LSPs
                     is
                     important because it helps develop the mindset that the best solution may not be internal.
                     Consultants may also have access to proprietary network design tools that can greatly
                     improve analysis.

                  
                  
                  
                  This team should start by laying out the objectives and the
                     high-level scope of the project, beginning with the end customer requirements in mind.
                     

                  
                  

               
               

            
            
            
            
               
               
               Identify Drivers for Change

               
               
               
               
                  
                  
                  Here are some common high-level drivers of supply chain change that
                     STEEPLE and SWOT analyses (both discussed elsewhere) can reveal.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Competitive advantage. Organizations may be undertaking major organizational
                           changes, setting a new strategy for entering global markets, creating a new network
                           with
                           distinct capabilities such as a cold chain, or installing new information systems
                           to
                           create competitive advantage. Revamping the logistics network at these times makes
                           sense. Competitive advantage may also come from new value-added services, given that
                           they can be provided at a competitive price. For example, shifting to air freight
                           for
                           high-value light goods may represent better value for customers. 

                        
                        

                     
                     
                     
                     	
                        
                        
                        Cost reduction. The main driver for cost reduction is to become more profitable
                           and competitive. Inflation also causes costs to increase incrementally, so more
                           efficient networks may become necessary just for continued viability. 

                        
                        

                     
                     
                     
                     	
                        
                        
                        Customer change. New or existing customers may have new needs such as faster or
                           more reliable service, new value-added services, and/or better partnerships. Existing
                           customers may have evolved, for example, by growing into a larger organization and
                           current service offerings may no longer suit their needs. 

                        
                        

                     
                     
                     
                     	
                        
                        
                        Customer demographic change. Customers may now be concentrated in different
                           cities or regions, and new segments may exist. Globally, the organization may want
                           to
                           break in to new markets. 

                        
                        

                     
                     
                     
                     	
                        
                        
                        Supply market change. Lowest-cost labor sources shift, as do the lowest-cost
                           sources of natural resources. Since landed costs are dependent on shipping costs and
                           import duties, these factors together with the cost and availability of supplies affect
                           the selection of supply sources. Supply market change is also about risk. After COVID-19
                           caused availability issues, the supply market did change to avoid risk even though
                           this
                           often required accepting higher landed costs. 

                        
                        

                     
                     
                     
                     	
                        
                        
                        Manufacturing process change. Lean and just-in-time processes often require
                           suppliers to relocate close to the manufacturer or parts distributor so they can produce
                           and ship in smaller quantities on demand with very little lead time. 

                        
                        

                     
                     
                     
                     	
                        
                        
                        Mergers, acquisitions, divestitures, growth, downsizing. It is better to
                           redesign the network in advance of such changes so no one is caught by surprise and
                           the
                           logistics network can continue to function throughout the change. For example, often
                           the
                           predicted benefits of a merger depend on generating economies of scale by eliminating
                           duplicated efforts. 

                        
                        

                     
                     
                     
                     	
                        
                        
                        Sustainability changes. A sustainable product design could require substantial
                           supply chain changes. This could include requiring suppliers to relocate closer to
                           customers or markets to reduce the carbon footprint, designing new methods of
                           replenishment to require less handling, or needing to develop a new reverse supply
                           chain. 

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Understanding As-Is and Planning To-Be States

               
               
               
               

               
               
               
               
                  
                  
                  Audit As-Is Network

                  
                  
                  
                  
                     
                     
                     Once the reasons
                        for network change are established, the organization will be motivated to take the
                        time and
                        expense of auditing the costs, lead times, and other service parameters of its existing
                        network. It is important to map the organization’s logistics processes comprehensively.
                        Here
                        are suggested steps in an as-is audit:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Gather data and business information.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Map the current system using the metrics that will be used to assess
                              the new network going forward (using the same metrics for the as-is and to-be states
                              will measure the success of the transformation) as well as the network’s nodes and
                              links. Exhibit 8-9 shows an example of an as-is map
                              for Sample, Inc., a distributor of automotive and marine fluids and lubricants. This
                              example uses high-level SCOR DS process codes to describe the processes performed
                              at
                              each node. Note the relatively high amounts for inventory days of supply in the
                              triangles.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Describe the network’s key activities and
                              functions.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Measure and evaluate against benchmarks.

                           
                           

                        
                        
                        
                        	
                           
                           
                           List current gaps between strategy and actual
                              capacity.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Generate tactical plans for closing the gaps,
                              including by creating an initial to-be state that will be refined.

                           
                           

                        
                        

                     
                     
                     
                     
                        Exhibit 8-9: Sample, Inc., As-Is West Coast Distributor Supply Chain Geographic Map
                           with Inventory Days[image: A map showing the supply chain network of Sample, Inc. It includes various locations and their connections. The map also shows days of inventory at each location, indicated by triangles.]
                     
                     
                     
                     
                     Each node or link would likely also be listed with an
                        identifier, along with distance and/or cost information. While not shown in the examples
                        above, other nodes that may be important to be included are shipping ports, airports,
                        or
                        other transportation terminals. Step 3 (describe the network) could complement this
                        type of
                        map by providing narrative information regarding the current service levels, types
                        of
                        services, general layout and makeup of each node, and types of transportation modes
                        and
                        specific carriers used (and percentage of volume shipping). For step 4 (measure against
                        benchmarks), benchmarks could be internal strategic goals, competitors’ service levels
                        and
                        costs, or industry standards. Measurements would state current performance as well
                        as
                        variance from these benchmark levels. Steps 5 and 6 are the real outputs or deliverables
                        from this process. Step 5 (list gaps) produces a gap analysis, showing where there
                        is the
                        greatest room for substantial improvements, such as opportunities for loaded backhauls
                        or
                        the ability to fulfill demand from multiple warehouses. These can be expressed using
                        metrics
                        or qualitative assessments. Step 6 (plans to close gaps) provides the key, measurable
                        objectives that any network alternative would need to address.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Assess Network Alternatives

                  
                  
                  
                  
                     
                     
                     Various modeling techniques can be applied to assess network
                        alternatives. Examples of these, such as simulation or optimization tools, are discussed
                        elsewhere. The goal is to find the optimal cost efficiency at the selected strategic
                        service
                        levels and/or to model the to-be system to test for the effect of variations in parameters
                        such as changing fuel prices or labor costs. Each alternative also needs to be compared
                        to
                        the various objectives outlined earlier in the process to ensure that it can address
                        these
                        goals. The result should be recommendations for the number of facilities and their
                        general
                        purpose and location, including any new overseas facilities if manufacturing or new
                        markets
                        are planned in global regions.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Plan Facilities

                  
                  
                  
                  
                     
                     
                     Planning facilities occurs at this point, as is discussed
                        elsewhere. The idea is to start with quantitative analysis, add qualitative factors,
                        and
                        then continue narrowing down the list until you have some specific location alternatives.
                        A
                        location selection team might be formed to scout locations based on the prioritized
                        selection criteria and analysis results. Once facility locations are determined, it
                        may be
                        necessary to iterate back through the earlier design steps and further refine related
                        plans.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Finalize To-Be State

                  
                  
                  
                  
                     
                     
                     The team presents its findings to decision makers, who may
                        ask for further analysis and a return to planning or could make minor changes and
                        accept the
                        recommendations. For example, finding ways to leverage certain existing assets may
                        be a
                        necessary change to control capital costs. Use of third parties may also be part of
                        the
                        final plans. Once the final plans are signed off on, implementation can begin. Note
                        that
                        these are still fairly high-level plans. The detailed planning for specific projects
                        occurs
                        as part of individual project implementation.

                     
                     
                     
                     Exhibit 8-10 shows a finalized to-be map for Sample,
                        Inc. that includes new supply chain flow routes from other warehouses that can now
                        perform
                        cross-DC picking to better serve customers based on their lead-time requirements.
                        They also
                        set ambitious targets for the number of days of inventory to store at each location,
                        now
                        just 27 days in total (down from 80 days in total in as-is model) to reduce their
                        cash-to-cash cycle time.

                     
                     
                     
                     
                        Exhibit 8-10: Sample, Inc., To-Be Plans with New Links to Customers and New Days of
                           Inventory Targets[image: A map showing the supply chain network of Sample, Inc. It includes various locations and their connections. The map also shows target days of inventory at each location, indicated by triangles.]
                     
                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Execution and Review Steps

               
               
               
               
                  
                  
                  Execution steps involve
                     some additional detailed planning. Projects that have made it through the prior phase
                     gates
                     can now have their value streams designed in greater detail. Doing so earlier would
                     waste
                     development time, because some of the projects being developed might be canceled or
                     postponed. After the individual projects are conducted and completed, these individual
                     project teams disband. However, the review steps at the end are for the larger project
                     portfolio, so this step occurs once all of the individual projects are complete.

                  
                  

               
               
               
               
                  
                  
                  Decompose Supply Chain Value Streams and Create Detailed To-Be Process Maps

                  
                  
                  
                  
                     
                     
                     The ASCM Supply Chain
                           Dictionary defines value
                           stream as:

                     
                     
                     
                     
                        
                        The processes of creating, producing, and
                              delivering a good or service to the market. For a good, the value stream encompasses
                              the raw material supplier, the manufacture and assembly of the good, and the
                              distribution network. For a service, the value stream consists of suppliers, support
                              personnel and technology, the service producer, and the distribution channel. A
                              value stream may be controlled by a single business or a network of several
                              businesses.

                        

                     
                     
                     
                     A value stream is an extended supply chain process needed to bring products and services
                        to
                        the market (as opposed to a process confined to a specific functional area). These
                        value
                        streams may involve external supply chain participants and therefore willing external
                        parties may be involved in value-stream improvement projects. 

                     
                     
                     
                     Decomposing this value stream involves designing the steps and substeps in these extended
                        processes, including making detailed to-be process maps for specific processes, creating
                        RACI charts (responsible, accountable, consult, and inform) to indicate roles, mapping
                        actual ERP processes and SCOR DS metrics, and so on. Unlike the to-be map shown in
                        an
                        earlier planning step, these process maps are far more detailed and specific to a
                        given
                        process. For example, rather than setting high-level goals for inventory days of supply
                        reductions, these plans focus on specific process improvements to get to these goals,
                        such
                        as a project to enable cross-DC picking or a project to make non-strategic inventory
                        reductions using ABC inventory on consignment stocks.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Conduct Pilot Projects

                  
                  
                  
                  
                     
                     
                     One or more pilot projects
                        are often conducted at this point both as a proof of concept and to help the implementation
                        team refine their methods.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Develop and Implement Plans as a Series of
                     Projects

                  
                  
                  
                  
                     
                     
                     The
                        network (re)design plan will likely be implemented as a series of discrete projects,
                        such as
                        adding a new process, adding or upgrading software, acquiring new facilities, or modifying
                        existing ones. Given refinements, each remaining project will need its own funding
                        and time
                        lines and so on. A portfolio or program manager will use an overall implementation
                        plan or
                        road map to guide the order of projects and track their progress against the overall
                        network
                        objectives. Some projects could be changed in priority or canceled.

                     
                     
                     
                     Once the projects are under way, the network planning
                        team can gather lessons learned and use them to refine future projects prior to
                        disbanding.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Disband Project Team(s)

                  
                  
                  
                  
                     
                     
                     The project team(s) are disbanded upon completion of their
                        assigned work. This is a time to celebrate team and individual successes to ensure
                        that team
                        members feel valued for their positive contributions. It may also be appropriate to
                        provide
                        performance reviews to team members and meet with the supervisors of team members
                        who are
                        returning to functional area duties to ensure that project performance is reflected
                        in their
                        overall assessments and career progression. The project manager makes a final report
                        to the
                        project sponsors, archives records, performs a lessons-learned analysis, and formally
                        closes
                        the project.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Review the Supply Chain
                     Transformation

                  
                  
                  
                  
                     
                     
                     A final
                        best practice of any large initiative is to track results over time
                        and compare them to the original goals. While the “disband project
                        team” step includes its own lessons learned for each individual
                        project, this review step typically occurs outside the normal
                        project format because most of the project team members will no
                        longer be needed. It is important to review long-term results after
                        sufficient time has passed (e.g., a year) so there is relevant
                        real-world data to analyze. This step may involve just one or a few
                        responsible persons or it could be its own small project. Knowing
                        where estimates were off will help refine future estimations on
                        projects. It will also help keep estimators honest if they know that
                        their estimates will be reviewed later against actual results.

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Evaluate Network and Transportation Requirements

         
         
         
         
            
            
            We begin with a method of reassessing business strategy
               and customer requirements to ensure that the true cost of a targeted service level
               is one
               the organization is willing to accept. After these strategic and customer focus
               considerations, transportation is a primary driver of logistics costs. Therefore it
               is the
               next most important thing to consider when determining the network’s appropriate general
               size. 

            
            

         
         
         
         
         
            
            
            Business Strategy, Objectives, and Customer Requirements

            
            
            
            
               
               
               Business strategy related to
                  supply chain network design involves determining which customer segments the organization
                  will serve and grouping one or more segments into a supply chain based on their logistics
                  operations requirements. More than one supply chain may be needed to serve all customer
                  segments; determining the proper number of distinct supply chains is a strategic objective,
                  as is prioritizing which supply chain to design first. 

               
               
               
               Design teams have discussions with current or potential
                  customers and do other types of market research to discover customers’ logistics service
                  preferences. Then, customers with similar enough logistics requirements are grouped
                  together
                  into an operationalized customer segment, and it is given a meaningful name (e.g.,
                  West
                  Coast bulk chemicals; Big box staple items retail distribution). Since one supply
                  chain for
                  each identified segment might be too many supply chains, segments with similar needs
                  can
                  each be assigned to a single potential supply chain, with other groups of segments
                  forming
                  one or more other supply chains. If the number and type of supply chains are acceptable
                  from
                  a strategic objectives perspective and the business case looks solid, the next step
                  is to
                  determine which supply chain to design first. This usually occurs by estimating which
                  supply
                  chain transformation will provide the most financial value for the investment. It
                  is
                  typically a mistake to pick the “squeaky wheel” supply chain to design first. While
                  such a
                  supply chain clearly has issues, improving it may not have nearly the same impact
                  on the
                  bottom line that improving a much more financially important supply chain might have.

               
               
               
               A strategy for a specific supply chain needs to be designed with the end in mind.
                  That is,
                  what is its primary purpose? The SCOR DS performance attributes of reliability,
                  responsiveness, agility, cost, profit, assets, environmental, and social can be used
                  along
                  with knowledge of customer segment requirements to set priorities of superior (>90
                  percent of competitors), advantage (>70 percent), and parity (>50 percent) in these
                  various categories based on competitive benchmarking. Here are some examples of supply
                  chain
                  network strategies that could be used depending on the customer segments the organization
                  is
                  trying to serve:

               
               
               
               
                  
                  
                  	
                     
                     
                     Low-cost-strategy. Superior in cost, advantage in assets and reliability, and
                        parity for other areas. 

                     
                     

                  
                  
                  
                  	
                     
                     
                     Customer with high demand variability strategy. Superior in agility, advantage
                        in responsiveness and reliability, and parity for efficiency areas. 

                     
                     

                  
                  
                  
                  	
                     
                     
                     Project-driven customers (e.g., construction industry) strategy. Superior in
                        reliability, advantage in agility and responsiveness, and parity in efficiency areas.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Customer-supplier long-term collaboration strategy. Superior in profit,
                        advantage in reliability and (for example) sustainability, and parity in other areas.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Customers needing innovative or emergency capacity strategy. Superior in
                        agility, advantage in responsiveness and assets, and parity in other areas. 

                     
                     

                  
                  

               
               
               
               Once a single supply chain is
                  being considered, the network design process involves setting a desired service level
                  relative to operational customer segment requirements for levels and types of service
                  and
                  then assessing the costs of this service. These costs can then be compared to the
                  revenue
                  levels that would need to be generated to ensure profitable operations. A service
                  level
                  might be stated as 90 percent of customers getting their goods within 72 hours of
                  order
                  receipt at an average inventory fill rate of 94 percent. The cost of providing this
                  and
                  higher and lower levels of service needs to be quantified in terms of how far warehouses
                  need to be from customers and therefore how many warehouses are needed. Another way
                  of
                  impacting service levels is to set inventory strategies for safety stock levels. Adjusting
                  these two levers properly should allow the organization to generate a strategic advantage
                  through their service levels at a low enough cost to remain profitable.

               
               
               
               The steps in forming a single supply chain’s network
                  design are:

               
               
               
               
                  
                  
                  	
                     
                     
                     Determine customer requirements and network
                        servicing expectations.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Calculate the threshold
                        service level (lowest total cost network) and determine network capabilities.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Use a sensitivity analysis
                        to adjust factors one at a time and determine the incremental cost difference of
                        increasing any given factor.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Present the alternatives and
                        their cost differences and finalize strategy.

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Determining Customer Requirements and Network Servicing
                  Expectations

               
               
               
               
                  
                  
                  The design objective for a single proposed
                     supply chain is to determine the chosen customer segment(s) requirements for minimum
                     acceptable service levels, including network servicing expectations. Information on
                     maximum
                     acceptable lead times for various types or classes of goods is an example of a customer
                     requirement. Network servicing expectations could be agreements with customers regarding
                     how
                     frequently you will provide shipments, or they could be based on industry standards
                     or what
                     competitors are offering. For example, you may agree to provide one shipment per week.
                     Other
                     organizations or consumers may expect next-day turnaround or same-day delivery. This
                     information is needed before you can determine how many DCs will be needed to establish
                     a
                     threshold service level in the next step.

                  
                  

               
               

            
            
            
            
               
               
               Calculating Threshold Service Level and Determining Network
                  Capabilities

               
               
               
               
                  
                  
                  The threshold service level is the cheapest possible way
                     of serving all customers in the segment considering the costs of transportation and
                     warehousing together at a given level of safety stock, delivery timing, and frequency.
                     Proximity of warehouses to customers is a primary driver of these costs. For the initial
                     analysis, a certain level of safety stock availability needs to be assumed. This can
                     be a
                     percentage availability rate based on industry standards, or, if an existing system
                     is being
                     transformed, it can be based on the current safety stock availability. Both lead time
                     variability and demand uncertainty affect this availability rate.

                  
                  
                  
                  To determine pure cost tradeoffs, the organization can
                     map its customer territories using economic maps of costs. Exhibit 8-11 provides an example of this method for a direct distribution network
                     that has most of its customers in urban areas. In the exhibit, there are three
                     concentrations of customers representing three nearby cities. While cities tend to
                     have
                     higher labor costs, it is sometimes still cheaper to have a warehouse in an urban
                     area due
                     to the reduced transportation distances to the majority of customers. In other cases,
                     particularly in retail fulfillment, cost maps could show that lowest costs occur when
                     warehouses start farther from customers in the countryside (lower DC costs and higher
                     transportation zone costs).

                  
                  
                  
                  
                     Exhibit 8-11: Economic Cost Map[image: This graphic displays an economic cost map, illustrating three different zones (A, B, and C) with varying cost contours surrounding them. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  An economic cost map will tally all costs of warehouses and
                     transportation to customers from a set of given warehouse locations. The costs listed
                     by the
                     DCs indicate the total per average item for inventory carrying cost and DC storage
                     costs
                     before transportation. The cost in each ring is this cost plus transportation costs
                     for
                     customers within that ring. The successive rings show where costs increase due to
                     farther
                     distances traveled or other factors such as traffic delays or geographic barriers
                     like
                     rivers (thus the irregular shape). Where DC territories overlap, the territory with
                     lowest
                     cost wins the customers. Note that where two areas are next to one another, two facilities
                     could serve a customer for an equal cost. However, at this point the delivery time
                     is not
                     being considered; one facility might ship to that boundary faster than another.

                  
                  
                  
                  Note that this type of map is usually an amalgam of
                     multiple products and multiple customer segments (the ones chosen for this potential
                     supply
                     chain network). This is the cost for an average order to an average customer. More
                     nuanced
                     analyses might prepare maps for various order size ranges, since the zones will differ
                     as
                     order sizes increase.

                  
                  
                  
                  While this least-cost network places cost above all other
                     considerations by definition, customers in zones closer to DCs will also likely receive
                     excellent service as measured by delivery time, with times increasing as distances
                     grow
                     greater. However, there can still be inconsistencies within a given zone. A zone map
                     that
                     located DCs in the countryside would have less ability to provide fast service to
                     its
                     largest customer areas directly, but its retail locations would likely also be mapped,
                     and
                     they would provide the fast service. Thus it is difficult to simultaneously provide
                     lowest-cost direct fulfillment and lowest-cost retail fulfillment with the same DCs
                     (and
                     service levels will also vary).

                  
                  

               
               

            
            
            
            
               
               
               Using Sensitivity Analysis

               
               
               
               
                  
                  
                  A sensitivity analysis uses a model (e.g., a worksheet
                     model) of a system in which one parameter is varied and other things are held constant
                     to
                     see the effects on the rest of the system.

                  
                  
                  
                  In a sensitivity analysis to analyze threshold service
                     levels, the number of warehouses is varied to see the impact on service time and cost.
                     This
                     is a marginal cost analysis, meaning that the cost of adding one more unit (warehouse)
                     is
                     compared to the added benefit received from that unit. (The marginal cost is compared
                     to the
                     marginal benefit.) The benefit is reduced service time and presumably more customers
                     due to
                     higher customer satisfaction. Marginal cost analysis will show diminishing returns
                     after a
                     certain point, where the cost of adding one more unit produces higher costs but not
                     proportionately higher benefits.

                  
                  
                  
                  For example, an analysis might be made based on the
                     percentage of customers who experience an order cycle duration of one day, two days,
                     three
                     days, and four days, as is shown in Exhibit 8-12. The relative amount of safety stock needed for each given number of DCs is
                     also calculated (with three DCs set at 100 percent and the other numbers of DCs being
                     set
                     relative to that base level) to show how costs increase, but of course other costs
                     such as
                     DC capital costs and labor would need to be factored in.

                  
                  
                  
                  
                     Exhibit 8-12: Sensitivity Analysis of DCs to Safety Stock Levels and Order Cycle Durations
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                  Exhibit 8-13 shows the same information
                     in chart form.

                  
                  
                  
                  
                     Exhibit 8-13: Order Cycle Durations Get More Reliable as More DCs are Added
                     
                     [image: A line chart illustrating the impact of adding more distribution centers (DCs) on safety stock and order cycle reliability across different order cycle durations. Go to long description for more details.]
                     
                     
                     
                        Go to long description.
                        

                     
                     
                  
                  
                  
                  Note how when you move from three to four DCs there is a
                     significant increase in the percentage of customers experiencing improved order cycles
                     but
                     the difference between six and seven DCs is minimal. However, safety stock cost continues
                     to
                     increase steadily.

                  
                  
                  
                  The cost of safety stock in the exhibit is calculated using a formula
                     called the square root rule, first proposed by Maister and
                     defined in the ASCM Supply Chain Dictionary as: “A
                     technique that assists planners with calculating the change in total safety stock
                     needed to
                     maintain customer service levels within a distribution network when the number of
                     stocking
                     locations is changed.” The formula observes a phenomenon called the portfolio effect.
                     The
                     formula follows (with an example of the first calculation from the exhibit).

                  
                  
                  
                  [image: ../images/mathml_id179U90LF05Z.png]
                  
                  
                  
                  Note that this calculation can use real safety stock
                     numbers rather than percentages. The square root rule makes several assumptions: Each
                     DC has
                     relatively equal demand that fits a standard bell curve (normal distribution), and
                     demand at
                     each new warehouse is independent (not correlated with that of the other DCs). In
                     other
                     words, adding more warehouses to the same area will cause each service area to shrink
                     and
                     not overlap. This estimate can then be modified for other known factors, such as customer
                     and supplier lead times. Note that this method should be viewed as a high-level estimate
                     only. More nuance will need to be applied during detailed network planning to account
                     for
                     differences such as uneven demand patterns across the network.

                  
                  
                  
                  After this high-level estimate, planning in this area can
                     include sensitivity analyses, such as holding the number of DCs constant and varying
                     safety
                     stock levels. This will provide some marginal benefits at the cost of more safety
                     stock.

                  
                  
                  
                  Another way to nuance this analysis is to set different
                     required service levels for different Pareto ABC inventory categories, such as having
                     A
                     items be available at 96 percent, B items at 92 percent, and C items at 85 percent
                     (and
                     eliminating any obsolete inventory entirely). This can be accomplished by having different
                     safety stock levels. (C is usually at zero.)

                  
                  
                  
                  Finally, the fixed DC costs (including capital costs),
                     information system costs, inventory holding costs, local delivery costs, primary transport
                     costs, and the cost of lost customers can be summed to produce a total cost analysis,
                     as
                     shown in Exhibit 8-14. (Total cost is the top
                     curve.) These costs can be compared to the service levels provided as each DC is added.
                     (Achieving very high service levels will be shown to become prohibitively expensive.)
                     In
                     this example, the lowest system cost is between three and five DCs.

                  
                  
                  
                  
                     Exhibit 8-14: Total Cost Analysis Based on Number of DCs[image: A line chart illustrating how various costs and the total cost change with an increasing number of DCs. Total cost initially decreases with more DCs, reaching a minimum point, and then gradually rises again. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Note a few points about Exhibit 8-14 above. The inventory holding costs
                     are shown as increasing less steeply than the square root rule would imply, and they
                     even
                     start to decrease a little. This is because holding costs are based on cycle stock
                     (regular
                     inventory), safety stock, and transit inventory. The bulk of these costs will be for
                     cycle
                     stock. Cycle stock is based on demand levels, so this category of inventory is not
                     really
                     affected by the number of warehouses in the system. Therefore, cycle stock forms a
                     baseline
                     cost at any number of warehouses. The costs related to safety stock increase continually
                     but
                     at a decreasing rate. The transit inventory is the smallest component of inventory,
                     and it
                     decreases at a linear rate as delivery lead times decrease, thus somewhat reducing
                     the
                     inventory holding curve at higher numbers of warehouses.

                  
                  
                  
                  Note also that fixed storage costs are treated here as a
                     linear cost for simplicity, but if smaller and smaller warehouses are needed, it might
                     be
                     shown as a curve that flattens out as warehouses are added.

                  
                  

               
               

            
            
            
            
               
               
               Presenting Alternatives and Finalizing Strategy

               
               
               
               
                  
                  
                  After analyses such as these, the cost of each given service level
                     can be quantified for decision makers and alternatives such as increasing DCs versus
                     increasing safety stocks can be compared directly. The organization will then select
                     the
                     strategy that best matches overall competitive strategy while remaining
                     cost-competitive.

                  
                  
                  
                  Exhibit 8-15 shows a prioritized project portfolio for
                     Sample Inc., an automotive and marine products distributor who is seeking to reduce
                     its
                     cash-to-cash cycle time and improve in other areas as well. Such a portfolio may go
                     through
                     several iterations. 

                  
                  
                  
                  Note that the following SCOR DS metrics are used in the exhibit: RL.1.1 Perfect Customer
                     Order Fulfillment (PCOF), RS.1.1 Customer Order Fulfillment Cycle Time (COFCT), AG.1.1
                     Supply Chain Agility (SCA), CO.1.1 Total Supply Chain Management Cost (TSCMC), and
                     AM.1.1
                     Cash-to-Cash Cycle Time (CCCT). CPFR is collaborative planning, forecasting, and
                     replenishment and VMI is vendor-managed inventory.

                  
                  
                  
                  
                     Exhibit 8-15: Sample, Inc., First Draft of Prioritized Project Portfolio
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                  One note regarding strategy is that most of these types
                     of analyses will take place in an existing organization that already has a logistics
                     network. The strategy that is chosen may not be the absolute best network but one
                     that
                     feasibly expands and improves the existing network (or shrinks and right-sizes it)
                     to the
                     degree possible considering the large investments required to change existing facilities
                     and
                     fleets. However, just because inertia makes change hard does not make it unnecessary.
                     If the
                     competition has a better network, they will be able to leverage those savings into
                     lower
                     prices or faster service. Doing little or nothing is generally unsustainable.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Analysis of Transportation Requirements

            
            
            
            
               
               
               Transportation requirements are driven by the demand forecast and
                  demand management activities (sales strategy). The product family demand forecast,
                  plus
                  estimates of average quantities per order and order frequency, will provide the average
                  shipments per period. An analysis of the average distance of a customer from an average
                  DC
                  will provide data on the average transportation distance for a given mode. These elements
                  can then be combined to determine an aggregate transportation requirement for a network.
                  This requirement will need to be broken down into requirements per mode, and then
                  the
                  average rate per mode can be applied to estimate costs. Often these are grouped in
                  primary
                  transport (i.e., line haul/main leg) and secondary transport (i.e., last mile/local
                  delivery) segments. Secondary transport for the road modality may also include stem
                  and drop
                  distances that can be separately calculated.

               
               
               
               At a more detailed level of planning, specific
                  transportation lanes along with lane volumes can be assessed based on the demand forecast
                  for a specific product family. According to Supply Chain
                     Construction by William T. Walker, the place to start is to gather the requirements
                  for the highest-volume product family first and then consider other product families.
                  In an
                  existing network, the requirements for a new product family might also be prioritized.

               
               
               
               Both the aggregate and more detailed calculations will
                  need to estimate the proportion of journeys that will transport TL or FCL (entire
                  contents
                  devoted to a single shipper’s cargo) versus LTL or LCL loads, since this will heavily
                  impact
                  total transportation requirements. Similar full or partial loads for rail, barge,
                  and so on
                  can also be calculated.

               
               

            
            

         
         
         
         
            
            
            Transportation Network Design

            
            
            
            
               
               
               All transportation network design decisions must take into account
                  transportation’s effect on the supply chain and inventory. The transportation mode
                  selected
                  influences how quickly and efficiently products flow from one end of the supply chain
                  to the
                  other. Research shows that the four most important performance capabilities in
                  transportation design are accessibility, transit time, reliability, and product safety.

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Accessibility.
                           
                         Accessibility
                           describes a transportation mode’s ability to reach origin and destination facilities.
                           It also describes the level of service to be provided over the route. The geography
                           or
                           distance to be covered, the mode’s infrastructure, and government regulations all
                           affect mode selection.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Transit time.
                           
                         Transit time is the
                           total elapsed time between origin and destination (sometimes called door-to-door
                           time). It includes time required for pickup, terminal handling, line-haul movement,
                           and customer delivery. This is a key consideration, because longer transit times
                           require more inventory to be in the network at higher inventory carrying costs and
                           higher stockout costs (i.e., a failure of a delivery that takes 40 days is risk of
                           no
                           inventory for 40 days or need for expensive expediting). It also affects customer
                           satisfaction.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Reliability.
                           
                         Reliability is a
                           direct result of accurate transit time, and many organizations prefer reliability
                           over
                           speed. It refers to the consistency of transit time by selected mode and is measured
                           by transit time variations. Increased reliability makes it easier to forecast
                           inventory needs, production requirements, and safety stock.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Product safety.
                           
                         Safe product transport
                           is critical, because it influences customer service, costs, and the overall supply
                           chain. A product must arrive at the destination in the same condition it was in when
                           it left the origin. Many organizations address safety concerns with additional
                           packaging.
                        

                     
                     

                  
                  

               
               
               
               Exhibit 8-16
                  illustrates how the modes of transport line up with these capabilities.

               
               
               
               
                  Exhibit 8-16: Transportation Design Tradeoffs
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               Another tradeoff to be considered in regard to
                  transportation design is cost. Product value is often compared against transport cost
                  to
                  determine if the transport option is viable. If a company spends too much money on
                  transport, the product cannot be sold at a competitive price.

               
               

            
            

         
         
         
         
            
            
            Tradeoffs

            
            
            
            
               
               
               Tradeoffs between cost minimization and service levels are discussed
                  elsewhere. Selection of tradeoffs to match service level and total cost strategy will
                  influence how much transportation can be consolidated. High service strategies with
                  frequent
                  deliveries and short expected order cycles will result in fewer TL or CL deliveries
                  and thus
                  higher transportation expense. Lean and just-in-time systems or other decisions to
                  minimize
                  inventory can likewise result in fewer TL or CL shipments.

               
               
               
               When considering a system that has no safety stock, the
                  lowest total system cost will be very similar to the point of lowest transportation
                  cost.
                  Therefore, specifying the inventory availability and fill rate desired for customer
                  service
                  is a critical differentiator for tradeoff analyses.

               
               
               
               Exhibit 8-17 shows
                  how a tradeoff analysis can create a net positive impact even if some costs increase.
                  In
                  this example, the proposal is to move from three to five DCs, which will increase
                  DC,
                  inventory holding, and primary transportation costs, but the sharp reduction in local
                  delivery costs offsets these increases and the total cost is lower. Note also that
                  DC costs
                  are capital expenses, so a view of just ongoing costs would look even more favorable.

               
               
               
               
                  Exhibit 8-17: Tradeoff Analysis Results Moving from Three to Five DCs[image: This bar chart compares total logistics costs between the current and new systems, showing the breakdown of costs associated with moving from three to five distribution centers (DCs). Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               The basic concept is that adding warehouses can be
                  cost-justified only when their costs are more than offset by a reduction in primary
                  transportation and/or local delivery costs. Exhibit 8-18
                  shows how increasing the number of DCs lowers local delivery costs but raises primary
                  transport costs. However, total transport costs will fall at least initially as DCs
                  are
                  added.

               
               
               
               
                  Exhibit 8-18: Tradeoff of Primary and Local Transport versus Number of DCs[image: This line graph illustrates the tradeoff between total, primary transportation, and local delivery costs as the number of distribution centers (DCs) increases from 1 to 14. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               The observation that many warehouses will result in lower
                  outbound transportation costs but increased inbound transportation costs might signal
                  a need
                  for a break-bulk center to allow the full shipments to arrive in one location and
                  then be
                  sent to the multiple facilities or customers. When it comes to warehouses that are
                  added to
                  increase the number of TL or CL loads (e.g., a consolidation, break-bulk, or cross-dock
                  center), the following calculation can be made to determine if the addition will be
                  a net
                  benefit:

               
               
               
               [image: ../images/mathml_id179U90Y60Y4.png]
               
               
               
               This equation states that if the sum (Σ) of the
                  calculation in the top line is less than or equal to the sum of the calculation in
                  the
                  bottom line, adding a warehouse to allow for full TL or CL shipments is justified.
                  The top
                  line calculates the sum of transportation and processing costs for volume shipments
                  (here
                  called TL, but these could be CL or full railcar, too) and divides this by the average
                  number of volume shipments to find the average cost of a volume shipment. It then
                  adds the
                  cost of the DC and local delivery from the DC for the average shipment. The bottom
                  line
                  represents the total cost of shipping all orders directly to customers, which is presumably
                  in LTL or LCL shipments for the average order.

               
               

            
            

         
         
         
         
            
            
            Inventory Locations and Levels, Order Size, Frequency

            
            
            
            
               
               
               There is a
                  direct relationship between the number of inventory holding locations and the total
                  inventory level, but order size per location, safety stock, and in-transit inventory
                  are
                  also factors. The equation for calculating the average inventory commitment of an
                  entire
                  network divides each inventory holding location’s order quantity by 2 to find the
                  average
                  and adds its safety stock and in-transit inventory. This process is repeated for each
                  holding location, and all are summed. The mathematical way of expressing this is as
                  follows,
                  where i represents a given inventory holding location:

               
               
               
               [image: ../images/mathml_id179U95007HS.png]
               
               
               
               As DCs are added, base stock levels are not impacted
                  much, because aggregate levels are determined by manufacturing and transportation
                  lot sizes
                  rather than the number of DCs. However, when DCs split a service area into smaller
                  parts,
                  the customer base per DC will shrink and therefore each DC will hold less base stock
                  (unchanged in the aggregate but lower per location).

               
               
               
               Due to shorter distances to customers on average, adding
                  warehouses reduces order cycle time and in-transit time on the outbound side. Reducing
                  the
                  order cycle time will also reduce variability. Since orders arrive sooner, there will
                  be
                  less sales variability during that period and order variability will also be less.
                  This is a
                  key reason why there is less need for safety stock per new location. Another reason
                  is that
                  the safety stock is calculated relative to the base stock level, which will also be
                  lower
                  per location, assuming that each additional DC serves a smaller market. So, while
                  each
                  location needs safety stock and the aggregate total increases, the rate of increase
                  tapers
                  off as more locations are added.

               
               
               
               However, assuming that each warehouse carries a full line
                  of inventory, adding warehouses increases order cycle time and in-transit time on
                  the
                  inbound side. This is because suppliers need to ship to multiple locations, and more
                  trips
                  add up.

               
               

            
            

         
         
   
      
         
         
         
         Evaluate Facility Requirements

         
         
         
         
            
            
            Different types of supply chains will have very different facility requirements.
               After addressing this distinction, we address geographical requirements for
               distribution or fulfillment networks, how to determine the right number of each type
               of facility that will be needed, and consider national or regional access to
               resources and infrastructure.

            
            

         
         
         
         
         
            
            
            Types of Distribution Strategies, Distribution Networks, and
               Order Fulfillment Channels

            
            
            
            
               
               
               Distribution
                  strategies set general goals of the distribution network. A distribution network
                  implements these strategies. An order fulfillment channel describes specific routes
                  within a larger distribution network that has multiple channels and processes. 

               
               
               
               Designing a
                  distribution strategy, distribution network, and specific order fulfillment channels
                  is an exercise in finding optimum solutions for the given customer base by
                  considering priorities and tradeoffs related to service-related factors and costs.
                  Service-related factors include:

               
               
               
               
                  
                  
                  	
                     
                     
                     Product variety

                     
                     

                  
                  
                  
                  	
                     
                     
                     Product availability

                     
                     

                  
                  
                  
                  	
                     
                     
                     Product returnability

                     
                     

                  
                  
                  
                  	
                     
                     
                     Customer experience

                     
                     

                  
                  
                  
                  	
                     
                     
                     Time to market

                     
                     

                  
                  
                  
                  	
                     
                     
                     Order visibility

                     
                     

                  
                  

               
               
               
               The type of picking and the unit size for shipping that customers require is another
                  service-related factor. The method(s) allowed will impact the type and cost of the
                  network. Here they are ranked from the lowest to highest in cost:

               
               
               
               
                  
                  
                  	
                     
                     
                     Pallet pick and pallet ship (lowest cost per case)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Case pick and pallet ship

                     
                     

                  
                  
                  
                  	
                     
                     
                     Layer pick (a layer of boxes on a pallet) and pallet ship

                     
                     

                  
                  
                  
                  	
                     
                     
                     Case pick and floor load (unpalletized vehicle payload loading)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Eaches (individual units) picking to conveyor with pallet shipping (this and
                        the remaining options are significantly higher in cost per case)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Eaches picking to conveyor with floor loading

                     
                     

                  
                  
                  
                  	
                     
                     
                     Eaches picking and eaches shipping (highest cost per case)

                     
                     

                  
                  

               
               
               
               Costs include the supply chain management costs related to the four pillars of
                  logistics: 

               
               
               
               
                  
                  
                  	
                     
                     
                     Customer and order management

                     
                     

                  
                  
                  
                  	
                     
                     
                     Warehouse distribution and fulfillment center management

                     
                     

                  
                  
                  
                  	
                     
                     
                     Inventory management

                     
                     

                  
                  
                  
                  	
                     
                     
                     Transportation management

                     
                     

                  
                  

               
               
               
               These costs include facilities costs, handling costs, transportation costs, inventory
                  costs, and information systems costs.

               
               

            
            

         
         
         
         
            
            
            Geographical Considerations and Factors

            
            
            
            
               
               
               In general, multinational organizations start
                  at a very broad regional or global level and narrow their viable alternatives down
                  to specific countries and major regions within countries. Organizations that operate
                  within one country or region might start at the highest level they operate in and
                  then narrow down from there. Note that organizations will need to make their own
                  lists of factors and prioritize them between key success factors and secondary
                  factors. We start here with some general qualitative deployment considerations.

               
               

            
            
            
            
               
               
               Strategy

               
               
               
               
                  
                  
                  Facility location used to be a tactical decision, but it is
                     now a strategic one due to the large capital expense involved and the potential for
                     strategic advantage in good decisions. For this reason, the key deployment
                     consideration is fit with the organization’s supply chain strategy as already
                     discussed in this general content area. Like the real estate mantra of location,
                     location, location, selecting just the right sites will have a strong impact on
                     strategy fulfillment. All the other deployment considerations and the national,
                     regional, and site-specific decisions discussed elsewhere need to be reviewed and
                     weighted by the organization based on its mission, vision, and organizational
                     strategy.

                  
                  

               
               

            
            
            
            
               
               
               Labor Rates

               
               
               
               
                  
                  
                  A primary component of transportation and warehousing costs is
                     the labor rate. Labor rates and labor availability are often the primary decision
                     factors in where to locate a facility because they make a huge difference in overall
                     costs due to the labor-intensive nature of some supply chain operations. Labor rates
                     are relative to necessary skill sets in the region, so there are different rates for
                     different types of labor. Economic factors such as the unemployment rate also cause
                     wage rates to fluctuate. An organization may want to conduct a labor market analysis
                     for various potential locations. A labor market analysis may also include collecting
                     information on demographics, such as the average age of workers and average skill
                     levels. For example, one region may have an average age of 56 years while another
                     has an average age of 19 years for a given skill level of worker. The latter area
                     will have better wages over a longer period of time because the former area will
                     start experiencing more labor supply shortages in the coming years and thus
                     available workers will command higher pay. Other considerations include work ethic,
                     productivity, and whether local public officials are interested in doing what they
                     can to reduce local unemployment rates.

                  
                  
                  
                  Sourcing and manufacturing in countries with low
                     labor costs remains a popular choice, though the countries that have the lowest
                     costs continue to shift. 

                  
                  
                  
                  The combination of a very low manufacturing labor rate with long-distance
                     transportation costs must be competitive for the industry for it to even be
                     considered. When a production facility is opened in a country with low labor costs,
                     the organization will need to continually scan global labor rates and wage growth
                     rates to determine whether the region still has a labor-cost advantage and to
                     estimate how long this advantage might last. When the region is no longer a labor
                     cost leader or the labor cost trend is unfavorable, the decision process then falls
                     to saving enough in the transfer (from relatively lower wages and/or closer
                     proximity) to recoup the cost of moving operations.

                  
                  

               
               

            
            
            
            
               
               
               Quality

               
               
               
               
                  
                  
                  Quality can be a cultural imperative, such as a country that
                     prides itself on precision and excellent work ethics. Locating in such countries can
                     have advantages, though many of these countries also have higher labor costs. Many
                     organizations also look for quality-of-life criteria such as low crime, great
                     culture, educational opportunities, or low cost of living. The presence of these
                     things can attract good workers and executives and help reduce turnover.

                  
                  

               
               

            
            
            
            
               
               
               Nation or Region-Specific Incentives

               
               
               
               
                  
                  
                  Organizations that build sustainable facilities and
                     operate using sustainable practices might receive incentives to locate in a
                     particular nation, region, or local area. Economically depressed nations, regions,
                     or local areas could create incentives. These incentives usually come in the form
                     of
                     reduced tax rates or tax holidays (no taxes for a given period), expedited
                     approvals, road development, rail rerouting, job development grants, and so on. The
                     benefits can be worth millions, but generally, they are distributed over a period
                     of
                     years to guarantee that the business stays around for a period of time.

                  
                  
                  
                  The tax laws of different nations can also create incentives to locate subsidiaries
                     in certain nations. For example, Apple and Google were pioneers in a tax avoidance
                     technique that involved using companies in Ireland and the Netherlands which
                     resulted in these companies paying a single-digit percentage of taxes on profits
                     made outside of the U.S. for over a decade. For example, to reduce their taxable
                     income, they had the Irish company charge large royalties on certain sales since
                     Irish taxes on royalties are very low. There is now an alternative minimum tax to
                     pay and other restrictions on this particular loophole, but new loopholes may arise.
                     Also, many organizations still have a facility presence in countries that were at
                     least originally based on tax avoidance. 

                  
                  

               
               

            
            

         
         
         
         
            
            
            Access to Resources and Infrastructure

            
            
            
            
               
               
               Evaluating general
                  facility requirements includes natural and human-developed resources for
                  manufacturing, while all facilities that facilitate logistics will need to consider
                  the country’s infrastructure, risks and opportunities, and duties/taxes.

               
               

            
            
            
            
               
               
               Natural and Developed Resources

               
               
               
               
                  
                  
                  Manufacturing location decisions may be based on
                     natural resources in the area if these are directly mined, farmed, etc., or a
                     supplier does so. The prices of natural resources have become ever more volatile and
                     analysis of commodity or resource prices by region may be needed for key material
                     inputs.

                  
                  
                  
                  Industry clusters are an example of a
                     human-developed resource. Industry clusters are areas where certain types of
                     industries have accumulated, such as California’s Silicon Valley or car
                     manufacturing in Germany. Manufacturers with excess capacity can supply it to others
                     in the area. These areas can also generate logistics synergies, such as access to
                     key suppliers. In fact, automotive suppliers often locate in supplier parks that are
                     on site or adjacent to automobile manufacturing plants. Transportation can take
                     advantage of brokers to combine shipments to the region.

                  
                  

               
               

            
            
            
            
               
               
               Country Infrastructure and Risks/Opportunities

               
               
               
               
                  
                  
                  At the country level, decision factors include the
                     robustness of infrastructure and a number of risks or opportunities. 

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Robustness of infrastructure

                        
                        
                        
                        
                           
                           	
                              
                              
                              Port and road capacity

                              
                              

                           
                           
                           	
                              
                              
                              Telecommunications

                              
                              

                           
                           
                           	
                              
                              
                              Police, court systems, and regional security

                              
                              

                           
                           
                           	
                              
                              
                              Energy cost, reliability, and sustainability

                              
                              

                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Risks and opportunities

                        
                        
                        
                        
                           
                           	
                              
                              
                              Currency risk and exchange rate variability

                              
                              

                           
                           
                           	
                              
                              
                              Degree of competition and other supply/demand risks and
                                 opportunities

                              
                              

                           
                           
                           	
                              
                              
                              Cultural, economic, and political climate

                              
                              

                           
                           
                           	
                              
                              
                              Rule of law versus crime and corruption

                              
                              

                           
                           
                           	
                              
                              
                              Regulatory issues

                              
                              

                           
                           
                           	
                              
                              
                              Labor costs, productivity, and skill levels by labor type

                              
                              

                           
                           
                           	
                              
                              
                              Access to trade blocs or other preferential trade agreements for the
                                 industry

                              
                              

                           

                        
                        

                     
                     

                  
                  
                  
                  An example of energy sustainability is how a large number of data centers are now
                     being located near solar power farms (existing ones or ones built for the purpose).
                     An example of country infrastructure development is China, which has invested
                     heavily into its high-speed rail, road, and other transportation infrastructures as
                     a key feature of its economic road map.

                  
                  

               
               

            
            
            
            
               
               
               Country or Region Duties and Taxes

               
               
               
               
                  
                  
                  Goods may be subject to customs duties (tariffs imposed on
                     goods when they cross a border), and the size of these duties for the specific goods
                     being transported needs to be part of the analysis (along with the risk of such
                     duties changing). Trading blocs and economic unions promote less expensive trade
                     between nations with incentives such as reduced duties. The fastest routes between
                     trading bloc or economic union countries can be excellent locations for a DC. The
                     existence of free/foreign trade zones (FTZs) could also be used to avoid paying
                     duties if the goods are not to be sold into the host country.

                  
                  
                  
                  Certain nations or regions have higher taxes than
                     others, or they may have onerous tax rules for transferring goods or money out of
                     the nation/region. While tax issues are generally not the primary location decision
                     factor, they can be significant, especially when low taxation is offered as an
                     incentive. A detailed look may be needed to determine the true tax advantages and
                     disadvantages of a given nation or region, since multiple different taxes might
                     apply (e.g., an inventory tax). Such a study would be conducted by tax experts.

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Make Facility Number and Type Decisions

         
         
         
         
            
            
            Here we discuss general considerations for how to determine the right number of warehouse
               distribution/fulfillment centers. Since this discussion is closely related to facility
               type,
               this is discussed afterwards. 

            
            

         
         
         
         
         
            
            
            Number of Warehouse Distribution/Fulfillment Centers

            
            
            
            
               
               
               The
                  number of warehouses and volume of warehouse space are increasing globally. There
                  are a
                  number of possible causes:

               
               
               
               
                  
                  
                  	
                     
                     
                     Globalization of supply chains requires keeping
                        inventory, and possibly customizing inventory, near local markets.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Increasing complexity of the supply chain requires
                        suppliers to locate materials nearer to customers.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Competitive forces require agility in filling demand
                        (which requires more inventory located closer to customers) and efficiency in
                        distribution processes. For example, to save transportation costs, distributors may
                        insert cross-docking or consolidation/break-bulk warehouses into the distribution
                        chain.
                        In another example, a home improvement big box retailer added 18 “rapid deployment
                        centers” in strategic areas to rapidly restock shelves for items with demand spikes
                        such
                        as generators or plywood after regional storms, increasing replenishment speed while
                        reducing overall costs.

                     
                     

                  
                  

               
               
               
               While the overall trend is toward more warehouses, many individual organizations are
                  working to reduce the number of their warehouses to an optimal number. Langley et
                  al., in
                  Supply Chain Management, cite a merger of two grocery manufacturers who went from
                  54 U.S. distribution centers to just 15 strategically located ones. They also note
                  how a
                  leading pharmaceutical distributor found a way to add same-day delivery and regular
                  service
                  while significantly reducing its number of distribution centers. Part of their success
                  may
                  be because organizations have started to reject the premise that a full-line inventory
                  warehouse is needed near every major market. In addition to selective line warehouse
                  stocking, better transportation management systems have made next-day delivery service
                  from
                  800 to 1,000 miles away feasible and common in practice.

               
               
               
               The decision about the number of warehouses to maintain
                  has offsetting advantages and disadvantages. If a business chooses a greater number,
                  it
                  faces higher inventory costs (because safety stock levels will increase), higher inbound
                  transport costs (because of the number of destinations), and higher operating costs
                  (facility operation and information management to control a more complex system).
                  However,
                  the customer service level will be higher, since there will be more warehouses nearer
                  the
                  customer (thus faster reaction time) and greater likelihood of being able to satisfy
                  required customer demand within an acceptable time. Fewer warehouses means lower costs
                  in
                  general but also less competitiveness in terms of the ability to provide service quickly
                  and
                  with minimum risk. Businesses must consider their customers, their business models,
                  and
                  especially their transportation costs in making this decision.

               
               
               
               A separate analysis would be needed for inbound logistics and manufacturing.

               
               

            
            

         
         
         
         
            
            
            Number of Distribution Centers

            
            
            
            
               
               
               Network design or redesign is primarily a strategic-level process. Decisions made
                  regarding what parties to include in the network and its size, physical assets,
                  flexibility, and other characteristics fix in place most of the network’s cost
                  characteristics. This includes not only fixed costs such as for a warehouse but also
                  the range over which variable costs can be expected to vary. For example, the length
                  of many line hauls will be determined. It is vital to get these decisions right
                  because the network will be living (or dying) with these decisions until the
                  organization and its supply chain partners decide to engage in redesign.

               
               
               
               Organizations need to take many factors
                  into consideration when determining the right number of DCs. In general, having more
                  DCs reduces delivery lead time and transportation cost due to the shorter distances
                  that final delivery vehicles need to travel. However, adding DCs increases fixed
                  costs and overall inventory levels, so organizations want the fewest DCs that will
                  still provide the targeted levels of availability and/or delivery lead time. Adding
                  DCs servicing a particular market without improving the level of customer service
                  and/or reducing total costs is merely an increase in logistics costs with no
                  benefit.

               
               

            
            

         
         
         
         
            
            
            Determining Appropriate Facility Type

            
            
            
            
               
               
               Decisions regarding the appropriate number of facilities must also
                  consider facility type. Discussion elsewhere includes a calculation for determining
                  whether
                  it makes economic sense to add a consolidation or break-bulk center at the start or
                  end of a
                  journey by comparing it to, for example, the cost of direct shipment. The results
                  of this
                  calculation will indicate which facilities need to be consolidation or break-bulk
                  centers.
                  Similarly, location analyses are used to determine where to put fulfillment warehouses.
                  The
                  industry and the types of goods will dictate whether specialty types, such as refrigerated
                  or high security warehouses, are needed. Once the list is narrowed down to what is
                  viable,
                  consider the pros and cons of each alternative.

               
               

            
            
            
            
               
               
               Proximity

               
               
               
               
                  
                  
                  The location of a logistics facility may determine its appropriate
                     type. Facilities located near raw materials sources may be used to store raw materials
                     needing further processing or awaiting distribution. Those near production facilities
                     exist
                     to support production: raw material inputs, semi-finished materials awaiting processing,
                     or
                     finished goods awaiting distribution. Facilities located near ports or other terminals
                     may
                     be used for consolidation. Facilities located near markets may be used to break bulk,
                     cross-dock, or otherwise support efficient distribution. There are also industry clusters
                     and proximity to them could be used to ensure proximity to both suppliers and B2B
                     customers
                     located in the same region, as is the case in California’s Silicon Valley for high-tech
                     firms, in San Francisco for pharmaceuticals, or in Germany for car manufacturing.
                     Proximity
                     to markets is also a sustainability element as the length of a supply chain impacts
                     its
                     carbon footprint. 

                  
                  
                  
                  When considering whether to locate production facilities
                     close to sources of supply or close to markets, one consideration is whether the product
                     is
                     considered a weight-losing or weight-gaining product. For example, it takes about
                     six pounds
                     of sugar beets to make one pound of sugar, so this is a weight-losing product. Weight-losing
                     products are best processed near the source of supply to save on transportation costs.
                     Materials that have a lot of water added tend to be weight-gaining, and these are
                     often best
                     manufactured near the source of demand.

                  
                  
                  
                  Proximity to either suppliers or customers (or both, with
                     near-sourcing) will rise and fall in importance along with oil prices. When oil prices
                     peaked at about US$161 per barrel in 2008 (adjusted for inflation), transportation
                     costs
                     were likewise very high and near-sourcing was very popular. In 2024, oil prices were
                     moderate, at about US$82 per barrel, which reduces the priority placed on proximity.
                     However, it is overall price volatility that needs to be foremost in long-term decisions.
                     In
                     2022 and 2023, there were spikes in diesel prices, for example. By the time a network
                     is
                     leased or constructed and running, oil prices or driver wages could be very different
                     from
                     when construction began. For this reason, near-sourcing continues to be popular, even
                     in
                     periods of relatively inexpensive transportation.

                  
                  
                  
                  Proximity to customers can be mapped and expressed in
                     terms of transit lead time or cycle time for average service levels. For example,
                     Chicago
                     Consulting mapped out the best locations for distribution networks in China, placing
                     a
                     one-DC network in Xinyang due to its central location. This location had a 3.38 average
                     transit lead time in days for the average Chinese customer. Two DCs brought the average
                     down
                     to 2.55 days, and five DCs brought it to 1.65 days. A side point is that this network
                     did
                     not list Xinyang as an ideal location for anything other than a one-DC operation.
                     This is
                     because, for example, the best cities would be in regional quadrants for a four-DC
                     operation. This means that if you start with just one, you may need to abandon that
                     facility
                     if you later want a larger set that is optimally positioned.

                  
                  
                  
                  Proximity to customers can also shift over time as
                     demographics change. Certain regions of a country can grow in population while others
                     shrink
                     or remain the same. Populations can be young or old on average, and this can influence
                     their
                     buying behavior. The organization’s customer segments may be larger in some areas
                     than in
                     others, and they can shift over time. Organizations that have operated in a given
                     region for
                     decades may need to reassess both overall demographics as well as their customers’
                     demographics prior to making new location decisions.

                  
                  
                  
                  Organizations wanting to enter into new markets in
                     previously untapped countries will need to do even more research on potential customers
                     and
                     potential competitors prior to selecting overseas locations. These new locations might
                     also
                     need new sources of supply if the existing sources would be uneconomical compared
                     to local
                     suppliers.

                  
                  

               
               

            
            
            
            
               
               
               Specialty Types

               
               
               
               
                  
                  
                  Specialized logistics might need its own network or might
                     share resources to some degree. Storage and materials handling of dangerous goods
                     (hazmat) require segregation and special protocols, for example. Reverse logistics
                     centers will be part of a reverse distribution channel. These types of networks must
                     be designed separately from the forward network due to their special needs. That
                     being said, in some cases a warehouse might have an area for reverse logistics while
                     the rest of the warehouse is used for the forward supply chain. In these cases, the
                     facility needs to be planned with this extra required space in mind so that the
                     forward and reverse operations avoid becoming bottlenecks to each other. Similarly,
                     if a cold chain is needed, a decision point might be whether to have a cold zone in
                     a facility versus a dedicated cold facility. Cold storage areas have specific
                     foundation requirements due to the increased thickness of floors and walls, and it
                     is extremely costly to make alterations if these facilities are not sized
                     appropriately from the start. Space for employee changing rooms and so on also needs
                     to be accounted for.

                  
                  

               
               

            
            
            
            
               
               
               Considering Viable Alternatives

               
               
               
               
                  
                  
                  What remains is to select among equally viable alternatives for a
                     given warehouse. For example, this could be deciding when a cross-docking center can
                     be used
                     to immediately sort goods for their next destination in place of a fulfillment,
                     consolidation, or break-bulk center where goods may be at rest for longer. The
                     organization’s type of distribution network, as well as the maturity level of its
                     partnerships with suppliers and customers, will help make this determination. Distribution
                     networks that resupply retail sources are generally better for cross-docking than
                     for direct
                     fulfillment to customers, where a fulfillment center makes more sense. Even when the
                     network
                     type may suggest cross-docking, successfully implementing cross-docking requires close
                     timing of deliveries and shipments, so it can be used only when communications are
                     robust or
                     automated and when the suppliers have been selected for their reliability and elimination
                     of
                     variability.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Site-Specific Considerations

            
            
            
            
               
               
               Site-specific considerations are made after deciding on specific
                  countries and regions. These tactical choices include municipal considerations, operational
                  costs for specific facility sizes, local resources and infrastructure (e.g., yard
                  size,
                  highway access), and local incentives. 

               
               

            
            
            
            
               
               
               Municipal Considerations

               
               
               
               
                  
                  
                  At the municipality level, proximity to customers or
                     suppliers/raw materials is a high priority, but it is important to keep in mind who
                     are
                     that facility’s actual suppliers and customers. For example, a DC that supplies specific
                     Walmart retail stores and does not ship direct to consumers has these stores as its
                     only
                     actual customers.

                  
                  
                  
                  Municipal programs such as industrial waste disposal may be needed. Municipal incentives
                     can come into play here, too, and cost and quality of labor markets may be factors.
                     Some
                     municipalities with large cities will have cultural attractions or be strategically
                     desirable. For example, they may have attractive environmental regulations, or the
                     organization might have a long history in a given region and many employees who want
                     to
                     work there.

                  
                  
                  
                  Organizations need to carefully check zoning
                     restrictions. Local zoning may prohibit establishing certain businesses like grocery
                     stores too close to competitors. Service and infrastructure access, access to freeways
                     or
                     other modes of transportation, or nearness to specific large customers or suppliers
                     may be
                     major factors.

                  
                  

               
               

            
            
            
            
               
               
               Operational Costs Related to Infrastructure

               
               
               
               
                  
                  
                  Given a need for a specific type of warehouse or other
                     facility in a specific municipality, the next consideration is the size of the facility.
                     Warehouse size generates economies of scale. Generally, smaller warehouses will have
                     higher costs per unit, and this falls steadily as warehouses grow in size. Larger
                     warehouses achieve better space and equipment utilization. For example, a smaller
                     warehouse may need the same piece of equipment but use it less frequently.

                  
                  
                  
                  However, infrastructure costs can vary significantly.
                     An older warehouse may have lower rent than a new facility. Property values vary
                     significantly, which is why Walmart locates many of its DCs in the countryside (and
                     to
                     benefit from lower wages as well). Warehouse designs in expensive areas will need
                     to use
                     vertical and horizontal space more effectively, such as with narrow aisle racking
                     and
                     automated storage and retrieval systems.

                  
                  

               
               

            
            
            
            
               
               
               Site-Specific Resources and Infrastructure

               
               
               
               
                  
                  
                  At the site-specific level, organizations need to find
                     sites that have the right amount of space for the facility and its yard and roadway
                     footprint at the right price. Easy access to the desired modes of transportation to
                     and
                     from the site are vital (e.g., proximity to highway access, rail access). Topography,
                     geology, or other site factors may make a location more or less suitable for a given
                     facility type (e.g., ability for soil type to bear weight of facility and its traffic).
                     Site selection may also need to minimize environmental impact, which will also help
                     in
                     getting approvals faster. Pollution may or may not be an issue, but even with warehouses,
                     truck noise may need to be accounted for. Certain communities may have restrictions
                     on
                     hours of operation that could make schedule coordination difficult.

                  
                  
                  
                  Failure of any given infrastructure element such as
                     regular traffic congestion or frequent brownouts or blackouts can be a location
                     disqualifier. Also consider the relative risk to public infrastructure from natural
                     disasters such as regions likely to experience flooding or hurricanes. Access to the
                     proper transportation modes and sufficient carriers in a given model are vital location
                     decisions.

                  
                  
                  
                  Organizations compare the pros and cons of each site
                     that remains a viable candidate. A site might have existing facilities that can be
                     used as
                     is or repurposed, it could be an undeveloped site, or it could be a site with existing
                     structures that need to be razed. Existing structures that will be kept need to be
                     evaluated for the quality and maintenance of all aspects from the foundation to the
                     roof,
                     plus evaluations of sufficient docks and so on. Such factors can create initial investment
                     cost differences between the alternatives. Note that a greenfield is previously
                     undeveloped land and there may be disincentives for developing such land such as
                     protective legislation or regulatory hurdles. Redeveloping previously developed land
                     is
                     also more environmentally friendly.

                  
                  
                  
                  There is also the question of ownership versus leasing. Some sites may have to be
                     leased,
                     while others that are being built might need to be owned. If both leasing and owning
                     are
                     viable options, finance professionals can help make this decision by considering how
                     many
                     assets should be on the balance sheet and how long the facility will be used.

                  
                  

               
               

            
            
            
            
               
               
               Site-Specific Incentive Considerations

               
               
               
               
                  
                  
                  Incentives can come into play at the site-specific
                     level, such as locating a new facility on a brownfield. A brownfield is a site that
                     has
                     toxic pollution, so cleanup and reuse of the site are often incentivized. In another
                     example, in exchange for incremental job creation, the city of Nashville, Tennessee,
                     provided Amazon with cash grants from the city for capital expenditures plus multi-year
                     tax credits to offset the city’s franchise and excise taxes. Organizations can seek
                     out a
                     region or municipality’s industrial development commission to find out about specific
                     incentives.

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Understand Different Network Modeling Approaches

         
         
         
         
            
            
            Some modeling approaches use analytics, which find
               meaningful information from a set of data. Others use heuristics, which means that
               they use
               trial and error or experience to arrive at an approximate best solution. Others look
               for a
               mathematically optimal solution. Others simulate a real-world environment so it can
               be
               experimented with before building it. Each of these approaches is discussed in this
               area.

            
            

         
         
         
         
         
            
            
            Modeling Basics and Prerequisites

            
            
            
            
               
               
               Prior to using
                  heuristic, optimization, or simulation modeling techniques, it is important to understand
                  what a model is in general terms. A model is a tool with inputs, processes, and outputs:

               
               
               
               
                  
                  
                  	
                     
                     
                     The inputs are the variables or data, including hard
                        values as well as things that might be allowed to vary.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The processes are functions performed on the inputs,
                        such as use of mathematical formulas.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The processes automatically produce a set of outputs,
                        which is the business information you are seeking.

                     
                     

                  
                  

               
               
               
               All forms of modeling also have some
                  prerequisites:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Validation:
                           
                        Data validation should
                           occur during data entry and on existing data. Validation involves ensuring the data
                           entry method is acceptable, new entry data or existing data is cleansed (e.g.,
                           duplicates removed), and that the type (e.g., alphanumeric), allowed range, units
                           of
                           measure, and format are as expected. To reduce the difficulty of this process, data
                           validation can be automated such as only allowing entry of data in the right type
                           and
                           format. Proper data validation promotes data integrity. 
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Integrity:
                           
                        A set of data integrity
                           principles called ALCOA+ have been developed that are increasingly important for good
                           manufacturing practices and supply chains (especially for manufacturers in the life
                           sciences sectors). The original set corresponds to the acronym ALCOA:
                           attributable (who made it and when), legible (readable physical
                           records; straightforward language even in digital), contemporaneous (record as
                           you do task, not later), original (archive original version; distinguish
                           copies), and accurate (reflect reality; error free). To these were later added
                           complete (audit trail of changes), consistent (time stamp in expected
                           sequence), enduring (disaster recovery), and available (indexed,
                           labeled, searchable). These principles allow data to evolve such as needing to rely
                           more on assumptions for early, high level assessments and using better data for later,
                           detailed assessments. However, that early assessment data is kept for later reference
                           such as for assumptions validation. In other words, data needs to have high quality,
                           which requires planning and maintenance. Conversely, garbage in, garbage out (GIGO)
                           means poor data will lead to poor decisions.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Complexity:
                           
                        Too few inputs or not
                           enough model complexity can lead to missing critical factors, while too many inputs
                           or
                           too much complexity can result in a model that is error prone or leads to paralysis
                           by
                           analysis. The right balance depends on the use of the model and who is building it
                           (external providers can invest more in getting a complex model right since its costs
                           can be shared by many clients; internal analysts who can build models very quickly
                           are
                           highly prized).
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Assumptions:
                           
                        Assumptions should be
                           challenged while building models. For example, transportation costs might be
                           represented as a fixed cost per mile or kilometer, but the actual rate tends to fall
                           as distances increase (called the tapering rate). Similarly, is distance calculated
                           “as the crow flies” or by using actual road systems and traffic data?
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Static/dynamic:
                           
                        Some models are static,
                           meaning they produce a point solution, while others are dynamic, meaning they model
                           a
                           system over a number of time periods showing cumulative impact of decisions.
                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Analytics and Heuristics

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary defines analytics and one of
                  its various subtypes as follows.

               
               
               
               
                  
                  Analytics.
                     The review of typically large sets of business
                        data using mathematics, statistics, and computer software to identify meaningful
                        patterns in the data to help in decision-making.

                  
                  Predictive analytics.
                     A method of extracting information
                        from existing data in order to identify patterns and predict future outcomes and
                        trends.

                  

               
               
               
               There are many types of analytics. A basic type is descriptive analytics, which involves
                  compiling information such as for dashboards on what, when, where, how many, etc.
                  Another
                  example is prescriptive analytics, which goes a step beyond predictive analytics by
                  involving AI to suggest actions to take or to find an optimum solution.

               
               
               
               The ASCM Supply Chain Dictionary
                  defines heuristics as:

               
               
               
               
                  
                  A form of problem-solving in which the results
                        or rules have been determined by experience or intuition instead of by optimization.
                        Heuristics can be used in such areas as forecasting; lot sizing; or determining
                        production, staff, or inventory levels.

                  

               
               
               
               Heuristic models use experimentation to find an
                  approximate answer. They trade accuracy for speed and ease of calculation. Heuristics
                  applies decision rules and math. These models may or may not be computer-based and
                  are often
                  used when a high-level best guess is all that is needed at a given phase of planning.
                  A
                  heuristic model might also be used to narrow down the possible solutions to a problem
                  so it
                  is easier to define in a more sophisticated model like an optimizer. In other words,
                  heuristics is useful because it can handle broad problem definitions. However, it
                  is not an
                  optimization tool and does not guarantee an optimum solution.

               
               
               
               Like a web search, heuristics can take a large data set
                  and output just those locations that fit a given set of parameters, such as within
                  so many
                  kilometers of several suppliers and key markets while also being near a freeway or
                  rail
                  line, and so on. The list of qualified candidates can then be used in an optimization
                  tool
                  to find the best location from among a much smaller set.

               
               
               
               Logistics software often has heuristics built in as a
                  decision support tool, such as to perform replenishment from the closest DC with available
                  stock or flag any customer who would not receive service within 48 hours.

               
               
               
               AI is disrupting heuristic approaches. Heuristic approaches were needed to keep analysis
                  fast when the time and cost to build various experiments or simulations were
                  cost-prohibitive and only a high level of planning was needed. Optimization techniques
                  enabled by AI are starting to replace heuristics.

               
               
               
               A number of analytic and heuristic techniques can help
                  with site selection. Some common methods are discussed next. Any of these methods
                  can be
                  augmented using AI and ML to help build the analyses quickly and to incorporate more
                  factors
                  or data inputs.

               
               

            
            
            
            
               
               
               Cost-Volume Analysis

               
               
               
               
                  
                  
                  A cost-volume (CV) analysis is a type of break-even analysis that
                     compares the fixed versus variable costs of various locations. It can be used in an
                     analysis
                     of a DC or other node to determine the volume of product that needs to flow through
                     the
                     facility to justify its fixed costs.

                  
                  
                  
                  A CV analysis makes certain simplifying assumptions, such
                     as that fixed costs are constant, variable costs are at a steady linear rate, and
                     only one
                     product is being shipped (i.e., the average product). Despite this unrealistic simplicity,
                     the results are often good enough to guide decision making.

                  
                  
                  
                  To start a CV analysis, you need to collect data on the
                     fixed and variable costs of each alternative location. The basic formula for a CV
                     analysis
                     is simple:

                  
                  
                  
                  [image: ../images/mathml_id179UA06N0UI.png]
                  
                  
                  
                  The concept in play is called operating leverage. High
                     operating leverage means that there is a high proportion of fixed costs to overcome,
                     but
                     higher profits per sale will occur after the break-even point (the point where units
                     sold
                     pay for those fixed costs). Low operating leverage means that there is a higher proportion
                     of variable costs, which allows the break-even point to be reached more easily, but
                     incremental sales will produce less profit after the break-even point. Note that in
                     this
                     analysis we are just calculating cost versus volume. A cost-volume-profit analysis
                     would
                     also consider revenue, but this is not needed to compare location costs.

                  
                  
                  
                  Exhibit 8-19
                     shows three potential locations for a DC along with their fixed and variable costs
                     (per
                     unit). Denver has low fixed costs, perhaps due to low rent, but high variable costs,
                     perhaps
                     due to longer distances to key markets. Seattle has a middle level of both fixed and
                     variable costs. Los Angeles has much higher fixed costs, perhaps due to a highly automated
                     facility, but very low variable costs, perhaps due to that automation and also proximity
                     to
                     customers. Note that the exhibit also lists maximum units, which is a best-case scenario
                     annual forecast for this example. The fixed costs plus the variable costs times the
                     maximum
                     units results in a total cost estimate at that unit level. 

                  
                  
                  
                  
                     Exhibit 8-19: Cost-Volume Analysis Data
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                    
                                    	
                                       
                                       
                                       City

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Fixed Costs

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Variable Costs

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Maximum Units

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Total Cost at Maximum Units

                                       
                                       
                                    

                                 
                              
                              
                              
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Denver

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $2,000,000

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $615

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       26,000

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $17,990,000

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Seattle

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $4,000,000

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $385

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       26,000

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $14,010,000

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Los Angeles

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $8,000,000

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $115

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       26,000

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       $10,990,000

                                       
                                       
                                    

                                 
                              

                           

                        
                        

                     
                  
                  
                  
                  The crossover points are the key results of this analysis, and they are calculated
                     for each
                     of the pairings of locations being considered. A crossover point is the point where
                     the
                     total costs for both locations are the same at that given volume level, but at higher
                     volume
                     levels one will be superior and at lower volume levels the other will be superior.
                     Exhibit 8-20 shows these crossover points.

                  
                  
                  
                  
                     Exhibit 8-20: Crossover Points
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                    
                                    	
                                       
                                    

                                 
                              
                              
                              
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Denver–Seattle

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       8,696

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Units

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Seattle–Los Angeles

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       14,815

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Units

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Denver–Los Angeles

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       12,000

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Units

                                       
                                       
                                    

                                 
                              

                           

                        
                        

                     
                  
                  
                  
                  Crossover points are calculated by making the Fixed Cost
                     + (Variable Cost × Volume) formula for one location be equal to the same equation
                     for the
                     other city and then solving for the unknown variable, volume. The following equation
                     uses
                     the variable x to represent volume. Since volume is on
                     both sides of this equation, you need to solve for x. To
                     do this, you add, subtract, multiply, or divide the same thing from both sides of
                     the
                     equation, as shown in the successive steps below, which results in an equation that
                     has x on one side and all of the known information on the
                     other. Each of the location pairings is then calculated using that formula.

                  
                  
                  
                  [image: ../images/mathml_id179UA0K0SYK.png]
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                  We can make sense of these crossover points using a
                     graph. Exhibit 8-21 shows a cost-volume analysis graph
                     with a line for each variable cost rate for each of the locations. Each line starts
                     at the
                     fixed cost level on the left, and the other side of the line is placed at the total
                     cost
                     calculated for 26,000 units. The crossover points are, of course, where the lines
                     cross
                     over.

                  
                  
                  
                  
                     Exhibit 8-21: Cost-Volume Analysis Graph[image: This cost-volume analysis graph shows the total costs for three different cities — Los Angeles, Seattle, and Denver — based on the number of units sold (in thousands). Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Using a cost-volume analysis graph and knowledge of the
                     crossover points in units can help planners in several ways. If the expected forecast
                     of
                     unit sales for each year of a three- to five-year forecast is less than 8,696 units,
                     then
                     Denver is the best location. If it is between this amount and 14,815 units, then Seattle
                     is
                     the best location, but over 14,815 units makes Los Angeles the best spot. The 12,000-unit
                     crossover would be used if Seattle were removed from contention. This would be the
                     crossover
                     point deciding whether Denver or Los Angeles is the best location.

                  
                  

               
               

            
            
            
            
               
               
               Weighted Factor Rating Method

               
               
               
               
                  
                  
                  The weighted factor rating method can be used to place various
                     levels of priority on both quantitative and qualitative factors for a location decision.
                     Higher priority factors will get more weight than those lower in priority.

                  
                  
                  
                  Often these weights are percentages that sum to 100
                     percent. The weight is multiplied by the location’s score for a given factor. The
                     score
                     could be a rating from 1 to 5, where 5 is the most favorable. Multiplying the weight
                     times
                     the score results in a weighted score. Summing these weighted scores results in a
                     weighted
                     score for each location. This method is often best for narrowing down a long list
                     of
                     candidates so that other methods can be applied to just those locations that meet
                     overall
                     criteria.

                  
                  

               
               

            
            
            
            
               
               
               Center-of-Gravity Method

               
               
               
               
                  
                  
                  The ASCM Supply Chain Dictionary
                     defines the center-of-gravity approach as:

                  
                  
                  
                  
                     
                     A methodology for locating
                           distribution centers at approximately the location representing the minimum
                           transportation costs between the plants, the distribution centers, and the markets
                           in order to maximize revenue.

                     

                  
                  
                  
                  The center-of-gravity method is a coordinate-based system
                     that plots each customer or retail location on a coordinate map or grid. The x coordinate is horizontal, and the y coordinate is vertical. Overlaying the coordinate grid on
                     a map results in a set of x-y coordinates for each
                     location. The center-of-gravity method is weighted based on shipping volume. The best
                     location for shipping to all of these locations will be pulled closer to the heaviest
                     volume. Exhibit 8-22 and Exhibit 8-23 show several customer locations along with their
                     centers of gravity based on the volumes provided.

                  
                  
                  
                  
                     Exhibit 8-22: Center-of-Gravity Data
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Location

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       x Coordinate

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       y Coordinate

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Shipping Volume

                                       
                                       
                                    

                                 
                              
                              
                              
                                 
                                 
                                    
                                    	
                                       
                                       
                                       London

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       8

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       10

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       8,000

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Warsaw

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       16

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       9

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       9,000

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Madrid

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       5

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       3

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       4,000

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Hamburg

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       12

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       10

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       11,000

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Rome

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       13

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       3

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       6,000

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Center of gravity

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       12

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       8

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       38,000

                                       
                                       
                                    

                                 
                              

                           

                        
                        

                     
                  
                  
                  
                  
                     Exhibit 8-23: Center-of-Gravity Map[image: A center-of-gravity grid map of Europe showing X and Y coordinates, with major locations marked as circles. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  To calculate the center of gravity, you calculate the x and y coordinates
                     separately using the following formula. (The center of gravity coordinates are also
                     calculated for this example.)

                  
                  
                  
                  [image: ../images/mathml_id179UAG00NHT.png]
                  
                  
                  
                  Note that, in some cases, the center of gravity will be
                     in a nonsensical location such as a body of water or a mountain range. The suggested
                     location would be modified to the closest viable location with good shipping lanes
                     and so
                     on. In this case, the largest city in the location (12, 8) is Frankfurt, so this is
                     selected.

                  
                  
                  
                  More complicated versions of this model are available in
                     software. They add other factors such as locations of suppliers. They replace shipping
                     volume with weight shipped (e.g., ton) and shipping rate (e.g., ton-mile). This requires
                     a
                     more complex equation, but the results are still a suggested set of coordinates. Another
                     example is combining the center of gravity technique with sensitivity analysis to
                     enable
                     what-if scenarios such as what if rail were used instead, making the analysis more
                     dynamic.

                  
                  

               
               

            
            
            
            
               
               
               Regression Analysis

               
               
               
               
                  
                  
                  Regression analysis is covered elsewhere as a method of forecasting.
                     Basically, it is a way of determining how to predict the behavior of one variable
                     (called
                     the dependent variable) based on information on one or more different variables (these
                     are
                     called independent variables) that can be determined and have a certain level of correlation
                     to the thing one wants to predict. The level of correlation is determined using statistical
                     analysis of historical data. For example, regression analysis can be used to find
                     the best
                     fit of a straight line through a set of historical data points on a graph. The equation
                     used
                     to determine the slope and starting point of this straight line can then be used to
                     make a
                     prediction given the current values for the independent variables. Regression analysis
                     can
                     be applied to location analysis, with multiple regression analysis likely being the
                     method
                     that will be needed. The dependent variable can be least cost; the independent variables
                     can
                     be each factor that contributes to cost. A spreadsheet application such as Microsoft
                     ExcelTM can be used to calculate the level of
                     correlation and the solution quickly.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Optimization

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary
                  defines optimization models as:

               
               
               
               
                  
                  A class of mathematical models used
                        when the modeler wishes to find the ideal (maximum or minimum) value of some
                        objective function subject to a set of constraints.

                  

               
               
               
               Some of the formulas presented elsewhere in this text
                  find the minimum cost, while others might calculate the shortest lead time or maximum
                  storage capacity. An optimization model is more complex than these types of minimum/maximum
                  equations because it looks to find the highest level possible for multiple variables
                  all at
                  once, even when some of the variables directly conflict with one another. An efficient
                  and
                  flexible system, for example, will be neither the maximum efficiency nor the maximum
                  flexibility. It will be the best possible balance between these competing factors
                  that can
                  be calculated.

               
               
               
               Specialized optimization software or even spreadsheet
                  applications have add-on tools that can calculate an optimum result quickly. A
                  logistics-specific tool can help focus on end-to-end supply chains, including by providing
                  geographical mapping given considerations including risk and sustainability.

               
               
               
               Software tools find an optimum result using linear
                  programming, calculus, and many other complex mathematical techniques. A mathematically
                  optimum solution is found if the assumptions and data are entered correctly, are accurate
                  (these definitely need validation), and the problem and constraints are defined in
                  a way
                  that makes an optimum solution feasible. Of course, changing even one variable will
                  likely
                  generate a different optimum result. Since the system considers all of the possible
                  alternatives to find the best one, analysts can quickly see when there are other
                  near-optimal solutions that could better address some qualitative factors. Optimization
                  models often produce significant savings or service improvements compared to the results
                  of
                  heuristic models.

               
               
               
               Logistics network optimization models can address a wide
                  range of issues, not only the number and location of warehouses but also suppliers,
                  plants,
                  and production lines. They can help assign specific suppliers to specific DCs or plants
                  and
                  specific DCs to specific customers. They can help decide between owning, leasing,
                  or
                  contracting, make-or-buy, postponement, and so on. In other words, good optimization
                  software can design the entire supply chain with the goal of profit maximization rather
                  than
                  just minimizing costs.

               
               
               
               Network optimization models can be simple custom-built
                  tools in a spreadsheet application, but ERP systems such as SAP and Oracle have network
                  optimization modules. Logistics and supply chain management systems such as JDA and
                  Logility
                  offer optimization tools as part of their suites. Best-of-breed systems are also available
                  from vendors, including Infor, OMP Plus, Quintiq, Demand Solutions, IBM, Logistix
                  Solutions,
                  and LLamasoft. While custom models can have their uses in studying specific problems
                  (and
                  are very inexpensive), more sophisticated (and expensive) tools such as those just
                  mentioned
                  will have a wider range of capabilities and sophistication than is possible for even
                  experienced spreadsheet users to mimic. For example, these systems will have regional
                  maps
                  that already have a wealth of information on distances and so on. Integrated ERP or
                  supply
                  chain software models also have a benefit in that much of the organization’s data
                  will
                  already be available to them, while the stand-alone versions might need more data
                  preparation. On the other hand, best-of-breed solutions are called by this name because
                  they
                  often have innovative features.

               
               

            
            

         
         
         
         
            
            
            Simulation

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary defines simulation as:

               
               
               
               
                  
                  1) The technique of using representative or
                        artificial data to reproduce in a model various conditions that are likely to occur
                        in the actual performance of a system. It is frequently used to test the behavior
                        of
                        a system under different operating policies. 2) Within manufacturing resource
                        planning, using the operational data to perform what-if evaluations of alternative
                        plans to answer the question, “Can we do it?” If yes, the simulation can then be run
                        in the financial mode to help answer the question, “Do we really want to?” See:
                        what-if analysis.

                  

               
               
               
               The simulation method uses trial and error but
                  generative AI can be used to describe the simulation requirements in natural language
                  and
                  this can help guide selection of priorities amongst tradeoffs. Using this, the AI
                  tool can
                  rapidly build thousands of such “what if” scenarios. If organizations use the internet
                  of
                  things (IoT) and digital twins (a virtual representation of each asset in the supply
                  chain),
                  these simulations can become quite realistic and robust.

               
               
               
               A simulation model attempts to approximate the workings
                  of a real system with just enough complexity to generate realistic results without
                  being so
                  complex as to be impossible to create or too error-prone. The idea is to understand
                  how the
                  system behaves given a certain set of assumptions and to see how that behavior changes
                  if
                  the assumptions or constraints are changed. Like an optimization model, these can
                  be custom
                  models developed in a worksheet or they can be developed in sophisticated applications
                  available from vendors.

               
               
               
               Two common uses of simulation models are sensitivity and scenario
                  analyses. A sensitivity analysis alters one variable and holds the other variables
                  at set
                  levels to see how this one change affects the outputs. A scenario analysis comes up
                  with a
                  business scenario and changes a number of input variables all at once to mimic the
                  business
                  situation and see the results. Best case, worst case, and most likely scenarios are
                  common,
                  but any situation can be modeled; these are often called “what-if” analyses.

               
               
               
               Another common
                  type is the Monte Carlo simulation. This type is run by setting minimum and maximum
                  parameters for each input variable in a model and then having the computer run the
                  simulation thousands of times with random settings for each variable each time (within
                  those
                  preset parameters). The results are then compiled to form descriptive statistics for
                  the
                  entire run, such as generating a probability distribution of results (a bell curve
                  of one
                  type or another).

               
               
               
               What-if analyses can be done to better understand supply
                  and demand risks such as network disruptions, results of mergers, new product introductions,
                  or potential changes in capacity, transportation policy, foreign exchange, customer
                  profitability, and so on. Sensitivity analyses include the impact of the number of
                  DCs or
                  customer service on cost and location impact on both cost and service. They can even
                  handle
                  costs that increase in a nonlinear fashion, such as inventory cost curves or those
                  that step
                  up in costs such as a capacity threshold boundary that, once passed, requires a facility
                  to
                  be added.

               
               
               
               Note, however, that a simulation is not the same as
                  optimization, as it simply provides the results for the given input parameters. There
                  may be
                  a more optimum location (or other result) out there.

               
               

            
            

         
         
   
      
         
         
         
         Distribution Plans

         
         
         
         
            
            
            A distribution plan considers the cost of
               distribution and the level of customer service to be provided. However, this is just
               the start. The distribution plan also needs to determine the structure of the
               delivery channel itself. This is based on the needs of the market’s segments and the
               characteristics and variety of the products being shipped. Delivery channels are
               best defined by first considering network configurations, which help determine the
               complexity of the network. After this discussion, we show how the distribution plan
               needs to match demand to channel service outputs. This leads to considering various
               types of delivery channels that form the core of the distribution plan. We conclude
               with a review of the overall channel selection process.

            
            

         
         
         
         
         
            
            
            Network Configurations

            
            
            
            
               
               
               The purpose of supply and distribution channel
                  design is to create a network that supports the distribution planning strategy. One
                  of the most commonly used tools to achieve this is the channel network matrix.
                  Organizations use supply partners to obtain either production materials or finished
                  goods and use distribution partners (or channels) to deliver those goods. Exhibit 8-24 shows a channel design model
                  that organizations use to determine which supply and demand channel factors will
                  support their organizational strategy.

               
               
               
               
                  Exhibit 8-24: Channel Design Model
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Channel

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Factors

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Supply

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Supply channel
                                       complexity

                                    
                                    
                                    
                                    Supply
                                       integrative intensity

                                    
                                    
                                    
                                    Supplier
                                       intensity

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Distribution

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Market
                                       penetration intensity

                                    
                                    
                                    
                                    Distribution
                                       integrative intensity

                                    
                                    
                                    
                                    Distribution
                                       intensity

                                    
                                    
                                 

                              
                           

                        

                     
                     

                  
               
               
               
               The six channel design factors are divided
                  into two groups by channel: supply or distribution. While the main focus here is on
                  distribution, it is important to also consider supply network design to ensure that
                  the whole network can operate efficiently and effectively.

               
               

            
            
            
            
               
               
               Supply Channels

               
               
               
               
                  
                  
                  The three supply channel factors are as follows:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        
                           
                              Supply channel complexity.
                              
                           In its
                              strictest sense, complexity does not mean complicated. Rather, it
                              describes a condition of interconnectedness and interdependencies across
                              a network, where a change in one element can have an effect on other
                              elements, often in unforeseen ways. Supply channel complexity requires
                              the organization to decide how “complex” they would like their supply
                              channel network to be. In determining this, the organization must decide
                              how deep the channel will be (the number of levels) and how much
                              planning and acquisition control they would like to have.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              Supply integrative intensity.
                              
                           This is the
                              level of backward control the organization would like to have within the
                              supply channel. This could involve contracts for exclusive or limited
                              rights to a product.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              Supplier intensity.
                              
                           This factor
                              is concerned with how the process to produce the product impacts the
                              scope and depth of relationships with suppliers at any level. As a
                              result of these partnerships, the organizations could collaborate on
                              product design and share both costs and quality control
                              responsibilities.
                           

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Distribution Channels

               
               
               
               
                  
                  
                  Channels of distribution
                     differ in terms of the market exposure or distribution intensity an
                     organization needs in order to achieve its strategic objectives. The
                     three distribution channel factors are as follows:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Market penetration
                              intensity. This factor describes how deeply
                           into the delivery network producers are prepared to
                           go in order to increase market share among existing
                           and potential customers. Often the level of
                           intensity may require the development of supporting
                           marketing or product strategies.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Distribution
                              integrative intensity. This factor describes
                           the level of forward or horizontal integration a
                           producer chooses to pursue in the demand chain.
                           Forward integration identifies the amount of control
                           the organization seeks to have over downstream
                           activities that reach the end customer. Horizontal
                           integration usually requires the organization to
                           purchase a channel intermediary. The more customized
                           the product or service, the more control the
                           organization desires over the downstream
                           activities.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Distribution
                              intensity. This factor is concerned with
                           deciding on the number of intermediaries to use at
                           each echelon within the channel. Four strategies can
                           be deployed:

                        
                        
                        
                        
                           
                           	
                              
                              
                              With
                                 single source distribution, a producer maintains
                                 control over all aspects of the value delivery
                                 network. This strategy is selected when
                                 organizations want to have full control over
                                 delivery, price, promotions, and service.

                              
                              

                           
                           
                           	
                              
                              
                              With an
                                 intensive distribution strategy, organizations
                                 seek to have the broadest network possible to
                                 reach as many customers as possible.

                              
                              

                           
                           
                           	
                              
                              
                              Exclusive
                                 distribution is used by organizations that want to
                                 limit the number of intermediaries. This is
                                 achieved by either offering exclusive distribution
                                 rights or by requiring intermediaries not to carry
                                 competing products.

                              
                              

                           
                           
                           	
                              
                              
                              With
                                 selective distribution, organizations have
                                 multiple intermediaries, but not all
                                 intermediaries handle and sell the product. In
                                 this strategy, the organization still maintains
                                 strong control but doesn’t assume full
                                 responsibility.

                              
                              

                           

                        
                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Determining Service Outputs

            
            
            
            
               
               
               Channel service outputs are the value-added services created by
                  the organization and consumed by end users along with the product purchased. The
                  service outputs are as follows:

               
               
               
               
                  
                  
                  	
                     
                     
                     Break-bulk
                           (bulk-breaking or breaking bulk). This refers to the end user’s
                        ability to buy the desired number of units of a product or service even
                        though it may be originally produced in large batch-production lot sizes and
                        shipped in truckloads. When break-bulk is provided, customers can carry less
                        inventory. However, the cost of the break-bulk service usually drives a
                        higher price per unit. The channel design implications of lot sizing are
                        generally as follows:

                     
                     
                     
                     
                        
                        	
                           
                           
                           End users of highly
                              specialized make- and engineer-to-order items purchase in small lot
                              sizes.

                           
                           

                        
                        
                        	
                           
                           
                           End users of
                              make-to-stock consumer products also purchase in small lot sizes but
                              in high variety, which is the purpose of retailers.

                           
                           

                        
                        
                        	
                           
                           
                           For purchases by
                              distributors and retailers, smaller lot sizes lead to better
                              customer value and service through lower accounts payable, less
                              storage required, and less risk from damage and obsolescence.

                           
                           

                        
                        
                        	
                           
                           
                           Distributors and retailers
                              add value to the chain by breaking large bulk loads into smaller
                              shipments for retailers and retail customers.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Spatial convenience. Spatial convenience
                        is provided by market decentralization of wholesale and retail outlets. It
                        increases customers’ satisfaction by reducing transportation requirements
                        and search costs. Normally, the more spatial convenience, the higher the
                        costs, which drive a higher price. However, online sellers such as Amazon
                        have put a lot of price pressure on consumer good retailers since direct
                        delivery also provides spatial convenience. Amazon’s huge supply chain
                        investments allow setting a low price for this service.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Waiting and
                           delivery lead time. This is the time period between ordering and
                        receiving goods and/or post-sale service. Normally, the longer the wait
                        time, the lower the cost. The channel design implications of lead time are
                        as follows:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Purchasers of unique and
                              highly engineered items are willing to accept long lead times for
                              direct-from-manufacturer orders.

                           
                           

                        
                        
                        	
                           
                           
                           End users of make-to-stock
                              consumer products have extremely short lead-time expectations for
                              retail purchases.

                           
                           

                        
                        
                        	
                           
                           
                           For distributors and
                              retailers, the shorter the lead time, the lower the safety stock
                              requirements and the need to rely on forecasts for demand periods
                              further into the future.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Variety (assortment). This generally describes the different
                        classes of goods making up the product offering. Breadth of variety means
                        more product lines/categories. Depth of product assortment refers to the
                        number of brands or stock keeping units (SKUs) offered within each generic
                        product category. Purchasers of highly specialized capital equipment items
                        expect to deal directly with manufacturers or distributors. Ordering costs
                        for these are higher than average. Purchasers of consumer products find it
                        convenient to purchase stock items in retail stores or from online sellers.
                        In both cases, the wide variety of SKUs reduces purchasing time and costs
                        (economies of scope). 

                     
                     

                  
                  
                  
                  	
                     
                     
                     Technology. Greater efficiency is achieved when the technology of
                        distribution centers is higher. Cross-docking is an example of a system that
                        requires an innovative layout to minimize move distances in the distribution
                        center along with well-coordinated information systems to route items to the
                        right outgoing shipments.

                     
                     

                  
                  

               
               
               
               These service outputs are provided at a
                  cost. For example, the shorter the lead time (e.g., by cross-docking), the higher
                  the cost. However, if properly designed, the added cost is offset by the savings
                  achieved in other areas of distribution tradeoffs.

               
               

            
            

         
         
         
         
            
            
            Types of Order Channels and Distribution Strategies

            
            
            
            
               
               
               Order channels include direct sales (a sales force contacts current or
                  potential customers via email, phone, social media, etc.), DC/wholesale/retail locations,
                  websites, customer service phone numbers and chat lines, and so on, as shown in Exhibit 8-25. Order channels may be supported by
                  advertising on the internet and in trade journals, direct mailings, etc. Some order
                  channels
                  are inherently more expensive to offer than others, and organizations will determine
                  which
                  ones to develop and maintain at a strategic level.

               
               
               
               Distribution strategies determine at a high level how full truckload (TL or FTL) and
                  less-than-truckload (LTL) orders will get to retail stores or directly to customers
                  and how
                  parcel orders from e-commerce will be fulfilled for parcel delivery or customer pickup.
                  The
                  strategies shown in Exhibit 8-25 are discussed
                  more shortly. 

               
               
               
               
                  Exhibit 8-25: Order Channels and Distribution Strategies[image: This graphic outlines various order fulfillment channels and distribution strategies. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               The type of distribution strategy that a supply chain adopts will have
                  a huge impact on facility location decisions and the number of facilities. Distribution
                  strategy is determined during strategy formation; however, some tactical choices on
                  distribution networks to use or order fulfillment channels to include in the network
                  can be
                  made during network design.

               
               
               
               Each type of strategy and network, by virtue of how it is
                  structured, will perform at different levels on the key dimensions that impact customers’
                  satisfaction levels: distribution intensity, customer service level, product assortment,
                  product availability, delivery time, channel complexity, inventory cost, transportation
                  costs, and channel facilities. 

               
               
               
               A strategic analysis of the network will help determine what distribution functions
                  are
                  needed, which can include determining what functions each DC needs to perform and
                  at what
                  level of intensity to improve total costs (more distribution nodes of the right kinds
                  will
                  reduce transportation costs but will also create more fixed costs that need to be
                  justified
                  by transaction volumes). The basic functions of any distribution network are as follows.

               
               
               
               
                  
                  
                  	
                     
                     
                     Sortation.
                           This process
                           involves sorting-out how goods should be stored or shipped, from sorting out different
                           sizes of shirts to sorting out different batches of perishable products so the whole
                           unit has the same expiration date.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Accumulation.
                           
                        This process involves
                           accepting goods from multiple suppliers or DCs and accumulating them for multiple
                           customers’ orders (the alternative, direct deliveries between all suppliers and
                           customers would be far more shipments). Consolidation is a type of accumulation.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Allocation.
                           
                        This process involves
                           allocating inventory to specific customer orders and includes allocating inventory
                           to
                           smaller order sizes using break-bulk functions. The degree of break-bulk allowed at
                           the facility will influence its costs. For example, what type of picking (pallet,
                           layer, case, and/or each) and what type of shipping options (TL, LTL, and/or parcel)
                           will the DC provide?
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                           Assortment assembly:
                           
                        This process involves
                           accepting bulk shipments and then mixing assortments of products for specific
                           customers such as retail stores. It can also refer to providing assortments of
                           products to consumers for one-stop shopping (e.g., Amazon, grocery stores).
                        

                     
                     

                  
                  

               
               
               
               Various types of distribution strategies are discussed
                  next, each having different levels of service outputs (break-bulking, spatial convenience,
                  waiting and delivery time, variety and assortment) and channel design intensity (market
                  penetration, distribution-integrative, distribution).

               
               

            
            
            
            
               
               
               Integrated Fulfillment

               
               
               
               
                  
                  
                  Exhibit 8-26 shows how an integrated fulfillment model
                     uses the same DCs for both TL and less-than-truckload (LTL) orders sent to retailers
                     using
                     pallet, layer, and case picking, and parcel shipping using order picking of cases
                     and
                     eaches. Independent parcel carriers might be used for the parcels. This model can
                     be used to
                     leverage an existing retail DC network to add internet parcel fulfillment without
                     incurring
                     large capital expenses (new DCs), so it has low start-up costs. The workforce can
                     also be
                     leveraged for both tasks to increase DC throughput (more revenue to cover fixed DC
                     expenses).

                  
                  
                  
                  
                     Exhibit 8-26: Integrated Fulfillment[image: This graphic represents an integrated fulfillment model. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  However, changing the minimum pick quantity from cases to eaches makes the process
                     much
                     more labor intensive than what a pallet, layer, case picking operation requires. The
                     change
                     often requires entirely new processes and equipment to make it efficient, such as
                     the need
                     for a new type of pick face for broken case operations. Such modifications would need
                     to
                     still be more cost-effective than making a new DC and would need to be able to be
                     accommodated within the existing DC floor space without hindering retail fulfillment.
                     According to Grant et al in Sustainable Logistics and Supply Chain Management, the
                     tipping point for online orders requiring more distribution space is when these orders
                     are
                     10 percent of all orders or more. There can also be conflict over who should be allocated
                     inventory: the retail location or internet orders.

                  
                  

               
               

            
            
            
            
               
               
               Dedicated Fulfillment

               
               
               
               
                  
                  
                  Exhibit 8-27 shows how some organizations are adding
                     online order fulfillment by establishing separate DCs that specialize in online order
                     fulfillment only. The existing retail distribution network in this case needs no changes
                     and
                     specializes in efficient order picking and shipping for retail fulfillment. The online
                     order
                     fulfillment center network specializes in labor-intensive eaches (individual units)
                     picking
                     and parcel shipping, but can add robotics, specialized pick faces, and specialized
                     methods
                     of moving and consolidating orders to make this channel much more efficient.

                  
                  
                  
                  
                     Exhibit 8-27: Dedicated Fulfillment[image: This graphic represents a dedicated fulfillment model. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  While this method enables efficiency through specialization, it requires a large capital
                     expense for the new DCs, plus duplication of workforce and inventories. The workforce
                     cannot
                     necessarily be shared between the two DC types. However, order fulfillment centers
                     can hold
                     a much larger line of inventory than the retail stores carry.

                  
                  

               
               

            
            
            
            
               
               
               Outsourced Fulfillment (e.g., Pool Fulfillment)

               
               
               
               
                  
                  
                  There are many different levels of outsourcing fulfillment since
                     some or all of the echelons could be outsourced. Here we will focus on pool fulfillment,
                     which often has an outsourced component. As seen in Exhibit 8-28, pool fulfillment is often used by smaller retailers who cannot
                     receive full TLs of inventory at each store on a regular basis. A group of retailers
                     form a
                     pool that is based on geographic proximity or optimum delivery routes. A third-party
                     DC
                     accepts LTLs or TLs comprised of multiple retailer orders from the retail DC and then
                     mixes
                     the inventory into assortments per retail store. It then loads multiple LTL orders
                     to form a
                     TL and sends this on a milk run (a multi-stop run that drops off an LTL shipment at
                     each
                     location on its run). Pool fulfillment enables efficient deliveries of TLs/LTLs for
                     line
                     hauls, an effective TL for the stem distance of a milk run and a regular schedule
                     of LTL
                     deliveries for the drop distance for retailers. A common delivery schedule is every
                     Monday,
                     Wednesday, and Friday.

                  
                  
                  
                  
                     Exhibit 8-28: Pool Fulfillment[image: This graphic represents a pool fulfillment model. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  

               
               

            
            
            
            
               
               
               Direct Store Delivery

               
               
               
               
                  
                  
                  Direct store
                     delivery involves a manufacturer directly restocking retail locations, bypassing any
                     retail
                     distribution centers the retailers may use for other products they sell. This model
                     is often
                     used for perishable shelf-stable products with mass consumer appeal such as snack
                     chips,
                     soda, and beer to small retail convenience stores, kiosks, grocery stores, liquor
                     stores,
                     and so on. The manufacturer will need enough manufacturing or distribution center
                     locations
                     of its own that are close enough to enable efficient direct deliveries to each market
                     location. Drivers might be independent contractors or employees. They may need a private
                     fleet of trucks or vans per location or independent contractors may need to be
                     owner/operators. 

                  
                  
                  
                  The manufacturer performs vendor-managed inventory (VMI) for the products, including
                     taking
                     inventory and removing outdated product on the shelves as they deliver new products.
                     Since
                     the inventory does not go through the retailer’s DC, there is significantly less inventory
                     in the network and the time between manufacture and stocking on a retail shelf is
                     shorter.
                     It is important for perishable products to be placed in locations where they can be
                     purchased rather than spending time in a DC where they cannot be purchased. Delivery
                     staff
                     also provide merchandising materials to the stores and collect competitive pricing
                     data
                     related to competitor products. The retailer may not have as much visibility regarding
                     these
                     products.

                  
                  

               
               

            
            
            
            
               
               
               Store Fulfillment

               
               
               
               
                  
                  
                  Exhibit 8-29 illustrates the store fulfillment model,
                     which dedicates retailer DCs to retail fulfillment only and relegates online order
                     fulfillment to retail stores. Retail employees pick internet orders and ship them
                     as parcels
                     or create a location for the customer to pick up the order in the store. If items
                     are in
                     stock, picking can be from store shelves with a short lead time. Customers can be
                     assured
                     that the item is allocated to them prior to heading to the store. Pickup in store
                     also saves
                     the retailer shipping expenses or needing to pass on these costs. This method has
                     lower
                     capital expenses (no new DCs), can leverage the retail workforce, and the retail stores
                     can
                     be used for returns. Retailers can use this method to balance their workload by picking
                     orders for delivery during off-peak times.

                  
                  
                  
                  
                     Exhibit 8-29: Store Fulfillment[image: This graphic represents a store fulfillment model. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  This model can have inconsistent service levels since retail employees may have multiple
                     roles or be poorly trained in picking. Retail stores may or may not get the revenue
                     from
                     these internet sales, which could be a point of contention. Inventory needs real-time
                     visibility and order allocation integration, and inventory priority (in-person versus
                     online) is an issue. 

                  
                  

               
               

            
            
            
            
               
               
               Flow-Through Fulfillment

               
               
               
               
                  
                  
                  Exhibit 8-30 shows how flow-through fulfillment is very
                     similar to store fulfillment except that the retailer DC handles all parcel orders
                     for
                     online delivery or for pickup in-store. The retailer DC does not ship parcels to customers
                     directly, but instead sends them to the applicable retail store location, who then
                     provides
                     in-store pickup of these parcels or arranges for parcel shipping for last-mile delivery.
                     Retailer DCs can consolidate parcels such as by adding them to regular LTL or TL shipments.
                     The retailer does not need to do any picking or allocating of inventory but does need
                     a
                     location for parcels to be held for pickup or forwarding to parcel shippers. Inventory
                     status and allocation do not need to be integrated. Inventory not normally carried
                     at the
                     retail store can be made available for pickup in this way.

                  
                  
                  
                  
                     Exhibit 8-30: Flow-Through Fulfillment[image: This graphic represents a flow-through fulfillment model. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  The flow-through fulfillment model requires customers to wait longer for their orders
                     since
                     in-store inventory is not being picked.

                  
                  

               
               

            
            
            
            
               
               
               Comparison of Distribution Strategies

               
               
               
               
                  
                  
                  Exhibit 8-31 compares the distribution strategies
                     discussed in this topic.

                  
                  
                  
                  
                     Exhibit 8-31: Comparison of Distribution Strategies
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Channel

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Qualities

                                       
                                       
                                    

                                 
                              
                              
                              
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Integrated Fulfillment

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Retail DC ships both TL or LTL to retail stores and parcels to consumers

                                       
                                       
                                       
                                       
                                          
                                          	
                                             
                                             
                                             Use existing retail DCs for low start up costs

                                             
                                             

                                          
                                          
                                          	
                                             
                                             
                                             Low-volume picking (e.g., picking individual units) inefficiencies versus
                                                dedicated fulfillment

                                             
                                             

                                          
                                          
                                          	
                                             
                                             
                                             Order allocation conflicts between retail and direct

                                             
                                             

                                          

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Dedicated Fulfillment

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Dedicated distribution centers ship TL or LTL to retail stores. Separate
                                          dedicated fulfillment centers ship parcels to consumers. The functions are
                                          kept separate.

                                       
                                       
                                       
                                       
                                          
                                          	
                                             
                                             
                                             No changes needed to retail distribution network

                                             
                                             

                                          
                                          
                                          	
                                             
                                             
                                             Online order fulfillment network specialization but large capital
                                                investment for duplication of facilities and inventory

                                             
                                             

                                          

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Outsourced Fulfillment: Pool Fulfillment Example

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       The DC ships TL or LTL to a third-party processor, who handles the last-mile
                                          to consumers (e.g., milk runs).

                                       
                                       
                                       
                                       
                                          
                                          	
                                             
                                             
                                             Efficient deliveries of TLs/LTLs for line hauls

                                             
                                             

                                          
                                          
                                          	
                                             
                                             
                                             Effective TL for the stem distance of a milk run

                                             
                                             

                                          
                                          
                                          	
                                             
                                             
                                             Regular, frequent, and efficient pickups and deliveries of LTL loads for
                                                drop distance to retailers

                                             
                                             

                                          

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Direct store delivery

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Manufacturer delivers products using a fleet of trucks or vans.

                                       
                                       
                                       
                                       
                                          
                                          	
                                             
                                             
                                             Bypasses retail DCs to shorten cycle times and lower total inventory

                                             
                                             

                                          
                                          
                                          	
                                             
                                             
                                             Uses VMI

                                             
                                             

                                          

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Store Fulfillment

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Retail store ships LTL or parcels directly to customer or customer picks up
                                          order from retail store.

                                       
                                       
                                       
                                       
                                          
                                          	
                                             
                                             
                                             Retailer parcel shipping or pick up in store for low start-up costs and
                                                capital expenses

                                             
                                             

                                          
                                          
                                          	
                                             
                                             
                                             Retailer can do picking during off-peak times

                                             
                                             

                                          
                                          
                                          	
                                             
                                             
                                             Retail employees do this job only part time so service errors may be more
                                                likely (e.g., miss picks)

                                             
                                             

                                          

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Flow-Through Fulfillment

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Retail DC ships TL, LTL or parcels to the retail store. Retail store either
                                          forwards the LTL or parcel to the customer or customer picks up order from
                                          retail store.

                                       
                                       
                                       
                                       
                                          
                                          	
                                             
                                             
                                             Retailer DC shipping to retail store consolidates parcels for low
                                                line-haul cost

                                             
                                             

                                          
                                          
                                          	
                                             
                                             
                                             No inventory allocation issues

                                             
                                             

                                          
                                          
                                          	
                                             
                                             
                                             Longer customer lead time than store fulfillment

                                             
                                             

                                          

                                       
                                       
                                    

                                 
                              

                           

                        
                        

                     
                  
                  
                  
                  A tactical analysis can reveal how to rebalance some of the tradeoffs inherent in
                     a given
                     method to make the channel a better fit for a given customer segment, such as altering
                     how
                     much of a particular type of inventory is held at a central DC versus at local DCs.
                     This
                     would depend on how much value the customer segment places on reducing lead time relative
                     to
                     the value they place on price. 

                  
                  
                  
                  In other cases, it may be best to develop additional
                     order fulfillment channels or use the existing channels of other supply chain partners.
                     For
                     example, an individual homeowner customer segment might be a good fit for a manufacturer
                     to
                     DC to retailer channel to select from a variety of home improvement products, while
                     an
                     apartment builder customer segment will want to order TL shipments of one standard
                     product.
                     The latter customer will be better served by manufacturer storage with direct delivery.
                     Satisfying this very different customer segment without needing to develop a new supply
                     chain could be done simply by leveraging the supply chain capabilities of manufacturers.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Types of Distribution Networks and Order Fulfillment
               Channels

            
            
            
            
               
               
               A
                  distribution network is basically a network of one or more supply chains that form
                  a
                  comprehensive system with multiple channels and processes. It combines various distribution
                  channels as needed to fulfill all delivery requirements and achieve the distribution
                  strategy. An order fulfillment channel is a specific route within a larger distribution
                  network.

               
               
               
               Distribution
                  networks discussed next include manufacturer to DC to retailer, independent distributor
                  with
                  omni-channel network, and independent aggregator with e-business network. After that,
                  some
                  examples of order fulfillment channels are provided.

               
               

            
            
            
            
               
               
               Manufacturer to DC to Retailer

               
               
               
               
                  
                  
                  Exhibit 8-32 shows the traditional retail supply chain, a manufacturer working with regional
                     distributors. The distributors supply retail locations in which customers buy goods
                     and
                     handle the local delivery portion with their own vehicles. There can be one or more
                     distribution center echelons in this model, and a wholesaler echelon could also be
                     added.
                     The multiple echelons all need inventory, so this model is inventory-intensive. It
                     is best
                     for mass-produced, inexpensive goods with high competition. It produces strong product
                     availability and high levels of customer service. Very large retailers that can ship
                     full
                     truckloads (TL) to each retail location can use this model efficiently; they may ship
                     online
                     orders using one of the other channel permutations listed below.

                  
                  
                  
                  
                     Exhibit 8-32: Manufacturer to DC to Retailer[image: A diagram illustrating a distribution strategy where a manufacturer distributes products to different regions (Northern and Southern) through distribution centers (DCs). These DCs then supply retailers, who in turn provide products to customers.]
                  
                  
                  
                  
                  The channel intermediaries and retailers are generally
                     independent, but some DCs could be owned if this can be done for less than logistics
                     service
                     providers (LSPs) can do it after all facility and inventory carrying costs are accounted
                     for. Distributors provide break-bulk activities and minimize inventory by using fewer,
                     more
                     centralized warehouses. The retailers take over all customer-facing functions and
                     their
                     associated costs. The organization may need to negotiate for preferred shelf space
                     and may
                     not have much control over promotions or access to customer information without forging
                     information-sharing partnerships.

                  
                  

               
               

            
            
            
            
               
               
               Independent Distributor with Omni-Channel Network

               
               
               
               
                  
                  
                  Exhibit 8-33 shows a network where an independent distributor is the channel master (primary
                     organization driving the supply chain decisions), buying goods from multiple manufacturers
                     (or other distributors) in bulk and aggregating them for a one-stop shop for retailers,
                     local distributors, wholesalers, or direct customers. Manufacturers gain another sales
                     channel and access to a larger market. Given a break-bulk service, retailers and
                     distributors can often buy assortments in TL or CL shipments and gain economies of
                     scale in
                     pricing so they can sell at a competitive price for a profit.

                  
                  
                  
                  
                     Exhibit 8-33: Independent Distributor with Omni-Channel Network[image: A diagram illustrating a distribution network involving multiple manufacturers supplying products to an independent distributor, who then sells directly to customers or retailers, or supplies local distributors, who in turn sell to retailers, who finally deliver the products to customers.]
                  
                  
                  
                  
                  The distributor needs to develop local distributor and
                     retail partnerships carefully to ensure that they build and maintain a large enough
                     customer
                     base. This will be accomplished, in part, by holding high inventory levels of fast-moving
                     items. These organizations might negotiate exclusive contracts for markets, but competitors
                     might do the same, and therefore they may not have full market access.

                  
                  
                  
                  This order fulfillment channel needs a thorough and
                     efficient transportation network of owned or contracted carriers to provide high customer
                     service while controlling relatively high transportation costs. They can provide value-added
                     services like aggregate inventory storage and bulk shipping of assortments. If they
                     want
                     customer information or information on promotions, they will need to form
                     information-sharing partnerships.

                  
                  
                  
                  Different tactics may be needed for inventory storage
                     in this type of network, depending on the customer segment. For inventory sold to
                     consumers,
                     it is best to store slow-moving inventory centrally to minimize total inventory, since
                     consumers can choose to wait for the item or accept the cost of faster shipping. Conversely,
                     fast-moving inventory can be held at each local distributor. This practice reduces
                     costs,
                     and retailers have fewer stockouts overall, especially for popular items. However,
                     for
                     industrial equipment customers who buy replacement parts, the slow-moving parts may
                     need to
                     be held at local distributors in small quantities due to the high priority on fast
                     distribution and willingness to pay more for these parts due to the even higher cost
                     of
                     equipment downtime. Faster-moving items, such as for general equipment maintenance,
                     might be
                     shipped directly from their manufacturing location because it makes it easier to forecast
                     demand for these items. Production can then better match demand.

                  
                  
                  
                  These channels will also have a large number of suppliers
                     they need to coordinate and partner with, when possible, to control prices, lead times,
                     quality, and availability. They might even negotiate cost-sharing contracts.

                  
                  

               
               

            
            
            
            
               
               
               Independent Aggregator with E-Business Network

               
               
               
               
                  
                  
                  The model shown in Exhibit 8-34 is very similar to the previous model, but it
                     depends more heavily on direct marketing to individuals through its own heavily branded
                     website, which may sell all manner of goods. Alibaba and Amazon are examples. Direct
                     shipment of goods to customers through parcel services is very common, but these
                     organizations may also sell or ship through local distributors (which they may own)
                     and will
                     move slow-moving goods directly from manufacturers through local distributors rather
                     than
                     carry this inventory themselves.

                  
                  
                  
                  
                     Exhibit 8-34: Independent Aggregator with e-Business Network[image: This graphic represents an independent aggregator with e-Business network model. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Other independent distributors will sell specialty goods
                     to B2B or B2C niche markets using web sales. The independent distributor gains direct
                     access
                     to customers and can manage this customer information and customize the customer’s
                     web
                     interactions. They often use loyalty programs that offer free shipping for an annual
                     membership fee. To keep this customer loyalty, they need very high levels of customer
                     service.

                  
                  
                  
                  The exhibit also shows that some independent distributors
                     in this model still sell goods to local distributors, retailers, or even to other
                     e-businesses. This allows the organization to offer omni-channel ordering/order fulfillment
                     such as buy online/pick up in store. (Usually the retailer would also be the distributor
                     in
                     this case.) Many retailers are adopting some form of this model, selling both online
                     and in
                     retail stores.

                  
                  

               
               

            
            
            
            
               
               
               Comparison of Distribution Networks

               
               
               
               
                  
                  
                  Exhibit 8-35 compares the
                     distribution networks discussed in this topic.

                  
                  
                  
                  
                     Exhibit 8-35: Comparison of Distribution Networks
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                                       Manufacturer to DC to Retailer

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Retail DC ships TL or LTL to the retail stores.

                                       
                                       
                                       
                                       
                                          
                                          	
                                             
                                             
                                             Good for TL if retailers large enough

                                             
                                             

                                          
                                          
                                          	
                                             
                                             
                                             Strong availability and customer service

                                             
                                             

                                          
                                          
                                          	
                                             
                                             
                                             Inventory intensive

                                             
                                             

                                          

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Independent Distributor with Omni-Channel
                                          Network

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       May use any combination of other network models such as integrated or
                                          dedicated fulfillment, plus direct sales for some items.

                                       
                                       
                                       
                                       
                                          
                                          	
                                             
                                             
                                             Requires a thorough and efficient transportation network and a large
                                                enough network to create economies of scale and/or economies of scope
                                                (one-stop shop)

                                             
                                             

                                          
                                          
                                          	
                                             
                                             
                                             Fast- versus slow-moving inventory need different storage and
                                                distribution methods

                                             
                                             

                                          

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Independent Aggregator with E-Business
                                          Network

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       May use any combination of other network models such as integrated or
                                          dedicated fulfillment, plus drop ship for some items.

                                       
                                       
                                       
                                       
                                          
                                          	
                                             
                                             
                                             Depends more heavily on direct marketing (e.g., branded website) than
                                                independent distributor with omni-channel network

                                             
                                             

                                          
                                          
                                          	
                                             
                                             
                                             Direct access to customers and ability to provide membership loyalty
                                                programs

                                             
                                             

                                          
                                          
                                          	
                                             
                                             
                                             Economy of scope for customers

                                             
                                             

                                          

                                       
                                       
                                    

                                 
                              

                           

                        
                        

                     
                  
                  

               
               

            
            
            
            
               
               
               Order Fulfillment Channels

               
               
               
               
                  
                  
                  Order fulfillment channels are a specific route within a larger distribution network.
                     Examples follow.

                  
                  

               
               
               
               
                  
                  
                  Manufacturer Storage with Drop Ship

                  
                  
                  
                  
                     
                     
                     Exhibit 8-36 shows the drop ship model, in which a distributor, retailer,
                        direct sales firm, or online merchant takes orders from customers. Customers receive
                        the goods directly from the manufacturer. The distributor or retailer may have a
                        floor model but no inventory. This model may use multimodal transfer (use of
                        multiple modes of transportation). It would be best for high-value, sporadic demand
                        items; these might be make-to-order, customized, or postponed items that can be
                        finished when the order arrives. Shipments may be in small lots and thus
                        transportation costs can be higher and lead times longer, but the manufacturer can
                        control delivery service reliability.

                     
                     
                     
                     
                        Exhibit 8-36: Manufacturer Storage with Drop Ship[image: This graphic represents a manufacturer storage with drop ship model. Go to long description for more details.]
                     
                        Go to long description.
                        

                     
                     
                     
                     
                     In this model, the manufacturer doesn’t have direct
                        contact with the customer, so customer knowledge is hindered. However, the
                        manufacturer does not need to maintain a sales force or other functions like credit
                        approval.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Manufacturer Storage with Direct Delivery

                  
                  
                  
                  
                     
                     
                     Exhibit 8-37 shows the
                        type of network in which the manufacturer uses direct delivery. The manufacturer
                        takes a customer order through any number of sales channels (direct, catalog,
                        website, etc.) and directly ships the goods to the customer, with no intermediaries
                        other than perhaps a carrier (unless the manufacturer owns a fleet).

                     
                     
                     
                     
                        Exhibit 8-37: Manufacturer Storage with Direct Delivery[image: This graphic represents a manufacturer storage with direct delivery model. Go to long description for more details.]
                     
                        Go to long description.
                        

                     
                     
                     
                     
                     This model is common in B2B settings but can also
                        be used for B2C. It is used primarily for low variety make-to-order goods that the
                        customer is willing to wait for, since lead times can be long. This could also be
                        a
                        supplier that produces large lot-size quantities. The primary benefit to the
                        manufacturer is a direct relationship with its customers so it can interact with and
                        market to them in the future. Since there is only one echelon, the manufacturer has
                        complete control over inventory and the supply chain in general has low carrying
                        costs. B2B shipments are typically in TL or CL, but logistics costs can be high,
                        especially when LTL/LCL is needed. Intermediaries may be needed to reduce these
                        costs.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Comparison of Order Fulfillment Channels

                  
                  
                  
                  
                     
                     
                     Exhibit 8-38 compares examples of order
                        fulfillment channels.

                     
                     
                     
                     
                        Exhibit 8-38: Comparison of Order Fulfillment Channels
                        
                        
                        
                        
                           
                           
                           
                           
                              
                              
                                 
                                 
                                    
                                    
                                    
                                    
                                    
                                 
                                 
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Channel

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Qualities

                                          
                                          
                                       

                                    
                                 
                                 
                                 
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Manufacturer Storage with Drop Ship

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Manufacturer ships TL or LTL directly to customer (based
                                             on an order placed by a retailer, distributor, etc., on
                                             behalf of a customer).

                                          
                                          
                                          
                                          
                                             
                                             	
                                                
                                                
                                                Best for high-value, sporadic demand items (e.g.,
                                                   make-to-order, postponement)

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                No distributor and/or retailer inventory but lead
                                                   times longer

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                No direct customer access for manufacturer,
                                                   unlike manufacturer storage with direct
                                                   delivery

                                                
                                                

                                             

                                          
                                          
                                       

                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Manufacturer Storage with Direct Delivery

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Manufacturer ships TL/LTL directly to customer (based on
                                             an order directly from the customer).

                                          
                                          
                                          
                                          
                                             
                                             	
                                                
                                                
                                                Best for B2B orders or make-to-order goods when
                                                   long lead times are acceptable to customer

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                High transportation costs if LTL is needed

                                                
                                                

                                             

                                          
                                          
                                       

                                    
                                 

                              

                           
                           

                        
                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Section B:
            Replenishment

         
         
         
         
            
            
            
               After completing this
                  section, students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Explain how distribution
                     requirements planning (DRP) monitors inventory
                     levels and locations required within the
                     distribution channel to support supply and demand
                     plans

                  
                  

               
               
               
               	
                  
                  
                  Compare warehouse replenishment systems

                  
                  

               
               
               
               	
                  
                  
                  Develop the distribution plan 

                  
                  
                  
                  
                     
                     	
                        
                        
                        Develop a distribution location-specific product forecast 

                        
                        

                     
                     
                     	
                        
                        
                        Review distribution plans and master schedules to support sales and operations
                           planning (S&OP) decisions 

                        
                        

                     
                     
                     	
                        
                        
                        Review inventory levels and locations required within the distribution network to
                           support supply and demand plans 

                        
                        

                     
                     
                     	
                        
                        
                        Develop the replenishment planning parameters for stock keeping units (SKUs) within
                           the distribution network 

                        
                        

                     
                     
                     	
                        
                        
                        Undertake time-phased planning logic for distribution requirements planning (DRP)
                           

                        
                        

                     

                  
                  

               
               
               
               	
                  
                  
                  Identify the replenishment parameters for
                     stock keeping units (SKUs) in the distribution network using bills of distribution

                  
                  

               
               
               
               	
                  
                  
                  Describe the linkages between DRP, sales and operations
                     planning, and master scheduling.

                  
                  

               
               

            
            
            
            This section addresses how
               to enact the organization’s distribution strategy. This includes setting replenishment
               planning parameters, adopting inventory control policies, and using warehouse replenishment
               systems, including distribution requirements planning. The section also addresses
               how to
               link distribution requirements planning back to sales and operations planning and
               the master
               scheduling process. 

            
            

         
         
         
         
   
      
         
         
         
         Replenishment
            Planning

         
         
         
         
            
            
            One of the goals
               of distribution planning is to improve the performance of the distribution
               network. Here we start by addressing pull systems and compare them
               to push systems. Then we address reasons why a hybrid of the two,
               distribution requirements planning (DRP), is often used.

            
            
            
            Then we turn to
               selecting the appropriate replenishment technique or system for
               a given warehouse. This choice is impacted by the organization’s
               replenishment strategy (push, pull, or hybrid). Here we cover three
               alternatives: reorder point/economic order quantity, base stock,
               and DRP’s time-phased order point (TPOP).

            
            

         
         
         
         
         
            
            
            Pull versus Push Systems

            
            
            
            
               
               
               Exhibit 8-39
                  summarizes differences between push and pull systems. These methods are not
                  exclusive; pieces of each system can be combined in the distribution channel to
                  respond to specific needs, as distribution requirements planning (DRP) does. DRP
                  combines the coordinated planning and control offered by push systems with the
                  responsiveness to local demand that characterizes pull systems. 

               
               
               
               
                  Exhibit 8-39: Push versus Pull Systems
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               Next we further differentiate pull (decentralized)
                  from push (centralized) systems.

               
               

            
            
            
            
               
               
               Pull (Decentralized) Systems

               
               
               
               
                  
                  
                  A synonym for pull system is decentralized
                        inventory control, defined in the ASCM Supply Chain Dictionary as: “Inventory decision-making exercised at each stocking location for stock keeping units
                        (SKUs) at that location.”

                  
                  
                  
                  With the pull method, goods move up through
                     the network by fulfilling customer orders. Distribution center (DC)
                     demand pulls inventory from suppliers. However, this is usually
                     just orders that are pulling inventory, not ultimate customer demand. Thus,
                     decentralized pull systems use independent demand ordering systems,
                     and a common method for regional or centralized DC reordering is
                     an order point system.

                  
                  
                  
                  When
                     an order point system is used, the orders will be for fixed amounts
                     (possibly the economic order quantity), but the timing of when the
                     order point occurs will vary. Assuming that demand on the DC is
                     relatively stable, the order point timing will be fairly uniform,
                     but it will still result in lumpy demand at the central supply and
                     even more so at the factory because of the large fixed orders followed
                     by no orders between the order point and the point of replenishment.
                     In addition, when fewer order points are used to minimize the number
                     of chances for a stockout, order sizes are even larger and the lumpiness
                     of demand is further exaggerated.

                  
                  
                  
                  The primary advantage of a pull system
                     is that DCs have autonomy and can order or not order based on their
                     knowledge of local demand. This setup can reduce expenses for maintaining
                     communications and relationships with other supply chain partners since
                     they are essentially autonomous. A main disadvantage is that using
                     pull systems along with order point systems for replenishment creates
                     a lot of uncertainty, and this contributes to the bullwhip effect.
                     Other disadvantages include that the needs of other customers (DCs)
                     are not considered and the available inventory at the central supply might
                     be consumed by the first orders received rather than being distributed
                     more fairly. The pull system also does not consider the needs of
                     the master production schedule at the factory, and these schedules
                     may not only be lumpy but also be disrupted by requests for expedited
                     orders. One reaction to this is to centralize inventory planning.

                  
                  
                  
                  Exhibit 8-40 lists
                     advantages and disadvantages of the pull system.

                  
                  
                  
                  
                     Exhibit 8-40: Advantages and Disadvantages of the Pull System
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               Push (Centralized) Systems

               
               
               
               
                  
                  
                  The push system can also be called centralized inventory control, defined in the ASCM Supply Chain Dictionary as: “A practice in which inventory decision-making for all stock keeping units (SKUs) at
                        all stocking locations is conducted from one department for an entire company.” The push method sends goods down through the network. Inventory is pushed out to
                     the central DC and from there to the regional DCs based on information on demand,
                     promotions, and so on.

                  
                  
                  
                  In
                     a push system, decision points occur at every reorder. How much
                     should be purchased? How often? A push system generally has lower
                     costs because shipments are planned globally and stored centrally.
                     The key to successfully executing a push system is effective central
                     inventory planning. This type of arrangement can work for goods
                     that are in demand and that may need to be rationed out because
                     capacity is difficult to increase.

                  
                  
                  
                  While a key advantage of this method is that total
                     distribution inventory levels can be controlled carefully, usually this is possible
                     only when the organization owns the distribution channel, since independent DCs
                     would need to agree to accept (and pay for) whatever inventory was sent, even when
                     this results in overstocks or stockouts. To be fair, inventory levels would be
                     communicated to central planning so they can replenish the inventory that is used,
                     and an advantage is that the organization will include planned promotions and
                     seasonality in forecasts. A key disadvantage of this method is that local
                     information on demand may not be gathered sufficiently or in a timely manner and
                     service errors are therefore more likely to occur. For example, central planning may
                     not have information on local retailer promotions or other reasons for variations
                     in
                     ordering. This lack of downstream visibility means that this method is also not a
                     perfect solution to the bullwhip effect. For this reason, many organizations have
                     turned to a third option, called distribution requirements planning (DRP), which is
                     discussed elsewhere.

                  
                  
                  
                  Exhibit 8-41 lists
                     advantages and disadvantages of the push system.

                  
                  
                  
                  
                     Exhibit 8-41: Advantages and Disadvantages of the Push System
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            Distribution
               Requirements Planning Overview

            
            
            
            
               
               
               Distribution
                  requirements planning (DRP) is used for replenishment of warehouses.
                  It is also sometimes used for retail replenishment. If you understand
                  MRP (material requirements planning) logic, it is a very small leap
                  to understand DRP logic.

               
               
               
               DRP is a time-phased order point approach. The
                  ASCM Supply Chain Dictionary defines a time-phased order point (TPOP) as:

               
               
               
               
                  
                  
                     A material requirements planning (MRP)-like time planning logic technique for independent
                        demand items in which gross requirements come from a forecast, not via explosion.
                        This method can be used to plan distribution center (DC) inventories as well as to
                        plan for service (repair) parts because MRP logic can readily handle items with dependent
                        demand, independent demand, or a combination of both. It is an approach that uses
                        time periods, thus allowing for lumpy withdrawals instead of average demand. When
                        used in distribution environments, the planned order releases are input into the master
                        schedule dependent demand requirements. See: fixed order quantity (FOQ) inventory
                        model.
                     

                  

               
               
               
               Planned order releases
                  from regional distribution centers (DCs) become gross requirements
                  for central supply, which in turn become planned order releases
                  at the factory as direct inputs to the master production schedule’s
                  forecast of demand. Therefore, the factory has more time to plan
                  for when large orders will need to be released.

               
               
               
               Next we address reasons
                  to use DRP and some basic DRP concepts.

               
               

            
            
            
            
               
               
               Reasons to Use DRP

               
               
               
               
                  
                  
                  DRP ideally combines
                     the service levels of pull with the efficiency of push. The regional
                     DCs determine their own planned orders and so can respond to local customer
                     information on demand but, because they enter planned orders in
                     advance of their release, central supply and the factory receive
                     immediate information on future demand so they can better level
                     production. Because the systems are integrated, the factory can
                     generate planned order recommendations and exception or action messages
                     for central supply, and central supply can do the same for regional DCs.
                     Production planners will have good information on inventory levels
                     at all integrated stockkeeping locations. They can suggest different
                     planned order sizes at various locations; this way all locations
                     get sufficient inventory rather than the first to order getting
                     what is available and the others having stockouts.

                  
                  
                  
                  DRP success depends
                     on accurate forecasts and stable processes to be successful. If both
                     of these exist, DRP produces high fulfillment performance with minimal inventory.
                     However, many organizations are faced with managing increasingly complex
                     distribution networks, which include multiple suppliers, manufacturing sources,
                     warehouses, and transportation providers plus many product variations.
                     If the environment is more volatile and uncertain than DRP can handle,
                     the organization may need to turn to a different method, such as
                     demand-driven MRP (DDMRP), since such systems manage inventory positions
                     in a more strategic and selective manner.

                  
                  
                  
                  Organizations that have stable enough forecasts
                     and environments and spend the time and energy to design or select
                     robust DRP systems may see the following benefits:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Forecasts are improved
                           due to higher visibility into the distribution network.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Finished goods supply and demand are closely
                           matched.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Inventory can be located at and deployed
                           from specific locations to best meet customer service requirements.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Quick responses to changes in the market
                           can be made by relocating products to areas where they are in demand.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Planners
                           can use the tools from MRP systems to manage inventory items, such
                           as changing lot sizing.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The systems assist management in planning
                           for future requirements in the field.

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Basic DRP Concepts

               
               
               
               
                  
                  
                  DRP coordinates materials flow through the physical
                     distribution system. It addresses when, where, and
                     how much inventory is needed at distribution
                     centers within a manufacturer’s distribution
                     network to fulfill customer orders. It also shapes
                     what resources are needed and when to ensure that
                     replenishment inventory can be delivered, handled,
                     and stored according to replenishment plans. The
                     goal of a distribution system is efficient, timely
                     service with minimal inventory investment. The
                     organization should effectively manage the flow of
                     goods and inventories between itself and its
                     customers. DRP starts as close to the final
                     marketplace or customer as possible. This is
                     important, because local customer demand data can
                     help manage field inventories.

                  
                  
                  
                  One of the keys to managing field inventories is
                     visibility. DRP allows for the incorporation of
                     data into the master scheduling system, which
                     extends manufacturing planning and control (MPC)
                     visibility into the distribution system. The DRP
                     system can collect detailed information from the
                     field/customers, summarize it, and pass it back to
                     the MPC system.

                  
                  
                  
                  The basic DRP system data are made up of records for
                     the individual products, which are tracked as individual stock keeping units
                     (SKUs). At the warehouse level, the zero level on the bill of materials is
                     defined as the SKU. This means that an individual product is seen as complete
                     only when it is delivered and satisfies customer demand. This extension of the
                     bill of materials into the field allows the organization to use requirements
                     explosion techniques to link to the other MPC systems.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Warehouse Replenishment Systems

            
            
            
            
               
               
               Warehouse replenishment systems include
                  reorder point (ROP)/economic order quantity (EOQ) methods, base stock,
                  distribution requirements planning’s time-phased order point (TPOP), or
                  demand-driven material requirements planning (DDMRP). Exhibit 8-42 summarizes the differences between these alternatives. Each
                  method is discussed briefly after that.

               
               
               
               
                  Exhibit 8-42: Warehouse Replenishment Systems
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               Reorder Point/Economic Order Quantity

               
               
               
               
                  
                  
                  At the reorder point, an
                     order matching the economic order quantity can be placed. Exhibit 8-43 reviews the dynamics that go into finding
                     the EOQ.

                  
                  
                  
                  
                     Exhibit 8-43: Determining Economic Order Quantity[image: The image depicts the Economic Order Quantity (EOQ) model, illustrating the relationship between order quantity and annual cost. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  ROP/EOQ systems are
                     decentralized, so decisions are made at the distribution center (DC)
                     level. An advantage is that the decisions are made closest to customer
                     demand, which should be more accurate and in tune with customer
                     desires. A disadvantage is that the central organization may receive
                     only limited information. The central organization may not know why
                     orders were placed (e.g., actual demand versus additional safety
                     stock) and may not receive advance notice of any modifications to
                     orders. Advantages and disadvantages of the reorder point/economic
                     order quantity replenishment method are summarized in Exhibit 8-44.

                  
                  
                  
                  
                     Exhibit 8-44: ROP/EOQ Advantages and Disadvantages
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               Base Stock

               
               
               
               
                  
                  
                  The base stock
                        system is defined by the ASCM
                        Supply Chain Dictionary as:

                  
                  
                  
                  
                     
                     
                        A method of inventory control that
                           includes most of the systems in practice as special cases. In this system, when an
                           order is received for any item, it is used as a picking ticket, and duplicate
                           copies—called replenishment orders—are sent back to all stages of production to
                           initiate replenishment of stocks. Positive or negative orders—called base stock
                           orders—are also used from time to time to adjust the level of the base stock of each
                           item. In actual practice, replenishment orders are usually accumulated when they are
                           issued and are released at regular intervals.
                        

                     

                  
                  
                  
                  In the base stock model,
                     demand is refilled basically as lot-for-lot to replenish the base
                     stock level. If one item is sold, one additional item is ordered in
                     the next shipment. Warehouse base stock quantities are established to
                     include the maximum expected demand during the lead time to replenish
                     the inventory sold. As a result, the base stock model is most
                     beneficial for supply chains with short replenishment lead times and a
                     wide variety of items to replenish, such as items at a hardware store.
                     Base stock decisions may be fully automated by automating the
                     replenishment orders sent back up the supply chain, possibly as part
                     of the point-of-sale system. This leads to decisions being made based
                     on actual data without any amplification (i.e., avoids the bullwhip
                     effect). If central supply does not have sufficient inventory, they
                     choose how to ration out the supply, so in this event, base stock
                     operates as a push system.

                  
                  
                  
                  The advantages and disadvantages of the base stock
                     replenishment technique can be seen in Exhibit 8-45.

                  
                  
                  
                  
                     Exhibit 8-45: Base Stock Advantages and Disadvantages
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               DRP’s Time-Phased Order Point (TPOP)

               
               
               
               
                  
                  
                  Maintaining satisfactory inventory levels
                     in a complex distribution network is difficult to achieve. Distribution requirements
                     planning (DRP) provides key data to match customer demand with inventories at different
                     stages in the physical distribution system and with the products being manufactured.
                     Using
                     DRP, inventory is managed intelligently to ensure maximum efficiency, adequate levels,
                     fulfillment of planned quantities, and adequate timing for replenishment.

                  
                  
                  
                  In DRP, forecasting at various levels is used to
                     predict demand for items. The goal is to time replenishment to mirror demand. DRP
                     uses the
                     bill of distribution to trace the inventory flow channel for every item sold.

                  
                  
                  
                  The DRP
                     record is fully visible by manufacturing so they can plan their orders
                     with more stability. The record also enables cross-shipping of
                     products between warehouses. Visibility allows local information to be
                     used in developing forecasts.

                  
                  
                  
                  The DRP process as a whole does not determine lot
                     size or safety stock, but these are decisions that must be made as
                     inputs into the larger process. DRP replenishment quantities are
                     determined by order policies.

                  
                  
                  
                  A crucial concern for planners is when to decide to
                     place an order. There are a number of reorder methodologies that can
                     be adopted, including time-phased order point.

                  
                  
                  
                  DRP is often selected
                     because of its use of time-phased projected future usage. This means
                     that the decision of when to ship an order is based on a projected
                     inventory position and so can be proactive rather than simply being
                     reactive as reorder point/economic order quantity and base stock
                     systems are. Those systems allow resupply decisions to be made
                     independently at the local level. When an item hits the reorder point,
                     the shipping quantity is ordered; the assumption is constant usage.
                     This method produces lumpy demand at the manufacturing facility and no
                     visibility to that demand. It typically shows up as a transfer order
                     as soon as the reorder point is reached at the distribution
                     center.

                  
                  
                  
                  The TPOP
                     method differs from the reorder point method as it allows planners to
                     make amendments to account for dependent demand.

                  
                  
                  
                  The Q, R rule (also called the (s, Q) rule under different
                     nomenclature) is one way to make the order point (or reorder point) decision. It says
                     that
                     an order for a fixed quantity (Q) is placed whenever the stock reaches a reorder point
                     (R).

                  
                  
                  
                  Exhibit 8-46 provides an example. In this scenario, the order point for Q, R would be 30 and
                     the reorder points would be in periods 2 and 4. (Q and R are calculated accounting
                     for the
                     safety stock requirements [ten units in this example] plus the demand during the lead
                     time
                     [20 units per period].) In TPOP, however, the order points are in periods 1 and 3.
                     The
                     reorder points between the two methods do not match. The TPOP method logic is to plan
                     shipments (planned order releases) that prevent the ending balance of a period from
                     falling
                     below the safety stock level.

                  
                  
                  
                  
                     Exhibit 8-46: TPOP Record Example
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                  A few of
                     the many advantages of using the time-phased order point method
                     instead of Q, R include the following:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        TPOP provides planned shipment data; Q, R does
                           not.

                        
                        

                     
                     
                     
                     	
                        
                        
                        TPOP does not assume or require constant
                           consumption.

                        
                        

                     
                     
                     
                     	
                        
                        
                        TPOP can integrate actual order data, not just planned
                           shipment data.

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Demand-Driven MRP System

               
               
               
               
                  
                  
                  Demand-driven material requirements planning is a
                     method to model, plan, and manage supply chains to protect and promote
                     the flow of relevant information and materials. Note that DDMRP is
                     part of a larger process called demand-driven planning (DDP), also
                     called a demand-driven adaptive enterprise (DDAE) system. These
                     systems use a demand-driven operating model (DDOM) and its DDMRP
                     system to generate and manage supply orders. DDMRP can be used for
                     dependent and independent demand items at any point in the supply
                     chain, including within the distribution requirements planning
                     process.

                  
                  
                  
                  DDMRP strategically positions
                     inventory to create decoupling points. Using strategically placed
                     decoupling points can reduce lead time to customers, mitigate the
                     bullwhip effect, and reduce overall inventory while simultaneously
                     increasing customer service KPIs related to service delivery.

                  
                  
                  
                  DDMRP dynamically adjusts the
                     size of the buffer inventories based on the combination of individual
                     inventory item traits (average daily usage, decoupled lead time, and
                     order multiples) and assigned buffer profiles (these include part
                     type, lead time, and variability categories). This dynamic adjustment
                     process maximizes the return on investment for the inventory.

                  
                  
                  
                  DDMRP buffers are segmented into three color zones (green,
                     yellow, and red). Each zone serves a specific role in the buffering process.
                     The green zone dictates the size and timing of replenishment orders. The
                     yellow zone typically defines the average amount of replenishment in
                     transit. The red zone is the defined safety stock amount in the buffer. The
                     top of the green zone level (red + yellow + green) is the “order up to”
                     level. A replenishment order is triggered by a net flow position (on-hand +
                     on-order - qualified sales order demand - qualified dependent demand) that
                     is below the green zone level (at or below just red + yellow). The size of
                     the replenishment order is the difference between the top of the green zone
                     level and the net flow position. In-transit replenishment orders are managed
                     by exception through the use of an on-hand status priority management system
                     using color codes and percentages of safety stock remaining.

                  
                  
                  
                  Further
                     information can be obtained at www.demanddriveninstitute.com. Another
                     resource is DDMRP: Demand Driven
                        Material Requirements Planning, Version 3, by Ptak and
                     Smith.

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Distribution
            Requirements Planning

         
         
         
         
            
            
            Here we first look
               at distribution requirements planning (DRP) methods and policies, including
               bucketed versus bucketless DRP systems, order policies, bills of
               distribution, safety stock policies, and transaction control points.
               After this, DRP inputs, calculation, and outputs are addressed.
               It is important to understand that, in many cases, a key input is
               a location-specific forecast. Key outputs include the logistics
               resource requirements plan and the logistics capacity plan. We conclude
               with a discussion of collaborating with distribution centers and
               performing DRP in a multi-echelon environment.

            
            

         
         
         
         
         
            
            
            DRP Methods and Policies

            
            
            
            
               
               
               Here we discuss bucketed versus bucketless systems, DRP order
                  policies, bills of distribution, safety stock policies, and transaction control points
                  for
                  inventory control.

               
               

            
            
            
            
               
               
               Bucketed versus Bucketless Systems

               
               
               
               
                  
                  
                  The ASCM Supply Chain Dictionary
                     defines bucketed and bucketless systems as follows:

                  
                  
                  
                  
                     
                     Bucketed system:
                        A material requirements planning (MRP), distribution requirements planning, or other
                           time-phased system in which all time-phased data is accumulated into time periods
                           called buckets. If the period of accumulation is one week, then the system is said
                           to have weekly buckets.

                     
                     Bucketless system:
                        A material requirements planning (MRP), distribution requirements planning (DRP),
                           or other time-phased system in which all time-phased data is processed, stored, and
                           usually displayed using dated records rather than defined time periods (buckets).

                     

                  
                  
                  
                  DRP allows planners to organize orders in time
                     periods, even though the system stores supply and demand orders by the actual due
                     date. Most
                     DRP systems have a bucketless display.

                  
                  

               
               

            
            
            
            
               
               
               DRP Order
                  Policies

               
               
               
               
                  
                  
                  When the resupply order action is
                     triggered for an item, the DRP system uses order policies to calculate the order lot
                     size
                     based on demand requirements. Common order policies used in DRP include the following.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        
                           
                              Discrete or lot-for-lot.
                              
                           This type of ordering
                              makes sense when multiple assortments can be shipped together.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              Fixed-period requirements.
                              
                           This type of ordering
                              makes sense when a regular delivery or milk run will be made.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              Discrete above standard lot size.
                              
                           Requiring a purchase of
                              a minimum of the lot avoids small orders while allowing scaling up from there at
                              more precise levels.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              Incremental above standard lot size.
                              
                           This makes sense if
                              additional increments can be in logistics-friendly quantities such as a pallet or
                              a
                              row on a pallet. It will help avoid overstocks such as for expensive inventory.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              Multiples of standard lot size.
                              
                           Allowing only standard
                              lots make sense when the materials-handling expense or other logistical costs of
                              split lots are not economical.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              Minimum/maximum order quantity.
                              
                           This method is useful
                              when the priority is on carefully maintaining inventory at stocking locations and
                              lead times are short.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              Lot costing models.
                              
                           Optimizing lot sizes
                              works well when demand has low variability.
                           

                        
                        

                     
                     

                  
                  
                  
                  It is easy to lose overall perspective
                     when calculating order quantities. With DRP, the important thing is what is needed
                     by
                     when. The right order quantity is useless if it doesn’t arrive when it is
                     needed.

                  
                  

               
               

            
            
            
            
               
               
               Bills of
                  Distribution

               
               
               
               
                  
                  
                  Independent customer demand has a direct
                     impact on the forecast in the DRP record. This drives the question of how an
                     organization facilitates the transfer of demand for the product from the point of
                     customer demand at the lowest-level satellite warehouses or regional distribution
                     centers (DCs), upward through the distribution channel, to the central supply
                     source. The answer is the bill of distribution (BOD) or distribution network, which
                     specifies replenishment planning parameters.

                  
                  
                  
                  As seen
                     in Exhibit 8-47, the
                     bill of distribution traces the inventory flow channel for every item sold.

                  
                  
                  
                  
                     Exhibit 8-47: Bill of Distribution[image: The diagram illustrates a distribution network consisting of a central supply warehouse, two regional distribution centers (DC A and DC B), and four satellite distribution centers (DC 1, DC 2, DC 3, and DC 4). Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  The BOD provides the location and flow information that supports
                     the main distribution planning functions:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Logistics resource
                           requirements planning (LRRP) in conjunction with sales and operations
                           planning

                        
                        

                     
                     
                     
                     	
                        
                        
                        Logistics capacity planning in master
                           scheduling and DRP in conjunction with master scheduling

                        
                        

                     
                     

                  
                  
                  
                  Organizations that use BODs or a distribution network
                     are able to

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Provide inventory
                           planners with visibility to supply and demand relationships in the distribution
                           channel

                        
                        

                     
                     
                     
                     	
                        
                        
                        Clearly establish the
                           relationship between inventory stocking locations at different levels, such as central
                           supply, regional DCs, and satellite DCs

                        
                        

                     
                     
                     
                     	
                        
                        
                        Define the resupply
                           path for each item in each stocking location

                        
                        

                     
                     
                     
                     	
                        
                        
                        Enable the DRP
                           software application to begin low-level coding at the lowest stocking location in
                           the
                           distribution channel and progress up through each level to the appropriate sources
                           of
                           channel supply.

                        
                        

                     
                     

                  
                  
                  
                  With the bill of distribution in place, the
                     organization knows where the inventory is flowing to and from. The choice of a pull,
                     push,
                     or DRP system then determines when to replenish the inventory.

                  
                  

               
               

            
            
            
            
               
               
               DRP Safety
                  Stock Policies

               
               
               
               
                  
                  
                  DRP
                     systems can deal with uncertainty through the use of safety stock. Safety stock protects
                     against instances of unplanned variability in supply and demand. It plays the role
                     of a
                     buffer to prevent the organization from experiencing stockouts. The quantity of safety
                     stock
                     is determined by the organization’s customer service goals. The higher the goals,
                     the
                     greater the amount of safety stock.

                  
                  
                  
                  Several methods are used to calculate safety stock. An
                     organization may want to have enough on hand to help when things are out of balance
                     but not
                     so much that the carrying costs strain the organization’s profitability.

                  
                  
                  
                  One method of determining safety stock levels is
                     to use the predetermined number of days of supply contained in the master record.

                  
                  
                  
                  Another safety stock calculation method accounts for
                     maximum and average daily usage and maximum and average lead time. The calculation
                     is as
                     follows:

                  
                  
                  
                  [image: ../images/mathml_id176RF02700C.png]
                  
                  
                  
                  Another method, called
                     the square root law, estimates safety stock (SS) requirements when an organization
                     is
                     considering increasing or decreasing the total number of DCs. In general, adding DCs
                     will
                     decrease the safety stock requirement per DC but will increase the level of safety
                     stock
                     overall, since this is what will be required to maintain the same customer service
                     level
                     based on root mean squared error calculations (a variant of standard deviation used
                     to
                     calculate safety stock levels based on the forecast error rate). The method assumes
                     that
                     the total level of demand will remain the same. The square root law is calculated
                     as
                     follows (using an example of moving from one to three DCs and a current level of 100
                     units
                     of safety stock providing the targeted level of customer service when one DC is
                     used).

                  
                  
                  
                  [image: ../images/mathml_id18A1F04G0NW.png]
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                  The same formula can be adapted to determine the safety
                     stock per location given information on average demand per DC. In the example that
                     follows,
                     assume that the same single DC as in the prior example had average demand of 1,200
                     units and
                     that, when three DCs are being considered, each one of these would have average demand
                     of
                     400 units.
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                  Assuming that the other
                     two DCs are identical in demand, 58 units times 3 equals 174 units. (The difference
                     from
                     the first example is due to rounding.)

                  
                  
                  
                  The challenge in calculating safety
                     stock is forecast reliability. If the forecast error rates are not stable, any safety
                     stock quantities calculated based on these error rates will be too high in some periods
                     and too low in others. Frequent stockouts or overstocks can result in a loss of
                     credibility for the method.

                  
                  
                  
                  It is
                     important to remember that safety stock is there to protect the organization against
                     fluctuations in demand and lead time, buffering against unexpected
                     occurrences.

                  
                  

               
               

            
            

         
         
         
         
            
            
            DRP Inputs, Calculation, and Outputs

            
            
            
            
               
               
               Distribution requirements planning
                  (DRP) provides a schedule of the planned replenishment orders necessary to cover all
                  net
                  requirements through the planning horizon. The inputs, calculation process, and outputs
                  of
                  DRP systems are explored more next.

               
               

            
            
            
            
               
               
               Inputs

               
               
               
               
                  
                  
                  Inputs to DRP include

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Planning horizon
                           length

                        
                        

                     
                     
                     
                     	
                        
                        
                        Planning bucket
                           size

                        
                        

                     
                     
                     
                     	
                        
                        
                        Item forecast by due
                           date

                        
                        

                     
                     
                     
                     	
                        
                        
                        Open customer orders
                           by item

                        
                        

                     
                     
                     
                     	
                        
                        
                        Beginning on-hand
                           quantities by item

                        
                        

                     
                     
                     
                     	
                        
                        
                        Open purchase
                           orders, interbranch orders, and postponement orders by item by due date

                        
                        

                     
                     
                     
                     	
                        
                        
                        Replenishment lead
                           times by item

                        
                        

                     
                     
                     
                     	
                        
                        
                        Finishing lead times
                           by item

                        
                        

                     
                     
                     
                     	
                        
                        
                        Safety stock by
                           item

                        
                        

                     
                     
                     
                     	
                        
                        
                        Order policy code by
                           item

                        
                        

                     
                     
                     
                     	
                        
                        
                        Supply sources based
                           on the bill of distribution.

                        
                        

                     
                     

                  
                  
                  
                  In DRP, forecasts are needed at several levels:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        The product family
                           level by distribution channel during the sales and operations planning (S&OP)
                           process

                        
                        

                     
                     
                     
                     	
                        
                        
                        The item level
                           during the master scheduling process

                        
                        

                     
                     
                     
                     	
                        
                        
                        The item level
                           per each specific DC or other location during the DRP process, called a
                           distribution location-specific forecast.

                        
                        

                     
                     

                  
                  
                  
                  While the item forecast is what the
                     actual replenishment timing and quantity are based on, the aggregate product family
                     forecast is important for two reasons. First, during S&OP, the product family forecast
                     is used to ensure that resources are available to transport, handle, and store
                     replenishment inventory within major distribution channels. The process that addresses
                     channel resource needs during S&OP is logistics resource requirements planning.
                     Second, when DRP serves as an input to master scheduling, product family forecasts
                     by
                     channel are disaggregated to the item-mix level and then are allocated down through
                     the
                     bill of distribution to plan the replenishment of inventory stocking locations.

                  
                  
                  
                  Using this information, the DRP processor
                     populates each planning grid bucket. Resupply of the planning grid buckets is determined
                     by the item’s order policy code.

                  
                  

               
               
               
               
                  
                  
                  Distribution Location-Specific Forecast

                  
                  
                  
                  
                     
                     
                     In distribution, the demand for a
                        particular product comes from the customer. The warehouse is where the
                        organization’s dependent demand meets the customer’s independent demand. Independent
                        of the organization, the customer decides what to order, when to order it, and how
                        much. One way to connect the organization and the customer at the DRP level is a
                        distribution location-specific forecast. The DRP record shown in Exhibit 8-48 includes a forecast
                        requirements row for a particular warehouse location.

                     
                     
                     
                     
                        Exhibit 8-48: DRP Record—Warehouse Example
                        
                        
                        
                        
                           
                           
                           
                           
                              
                              
                                 
                                 
                                    
                                    
                                    
                                    
                                    
                                    
                                    
                                    
                                    
                                    
                                    
                                    
                                    
                                    
                                    
                                 
                                 
                                    
                                    
                                       
                                       	 
                                       
                                       
                                       	 
                                       
                                       
                                       	 
                                       
                                       
                                       	 
                                       
                                       
                                       	 
                                       
                                       
                                       	 
                                       
                                       
                                       	 
                                       

                                    
                                 
                                 
                                 
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Safety stock:
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                                          Shipping quantity: 70
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                                          Forecast 

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          30

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          30
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                                             available balance
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                                          70

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          

                                          
                                          
                                       

                                    
                                 

                              

                           
                           

                        
                     
                     
                     
                     Note the similarities and differences between a material
                        requirements planning (MRP) record and a DRP record.

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           The demand from each distribution
                              center is translated into the forecast requirements for each period. (This
                              replaces the gross requirement in the MRP.)

                           
                           

                        
                        
                        
                        	
                           
                           
                           The forecasted requirements are
                              subtracted from the distribution center’s on-hand inventories and planned
                              receipts.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Net requirements are generated as
                              safety stock levels are reached.

                           
                           

                        
                        
                        
                        	
                           
                           
                           After offsetting for lead times,
                              planned shipments are generated (similar to the planned order releases in
                              MRP) in the shipping quantity.

                           
                           

                        
                        

                     
                     
                     
                     When examining a DRP record like the one
                        shown in the exhibit, there are subtle nuances to note:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           This record is for a product and a
                              specific customer location.

                           
                           

                        
                        
                        
                        	
                           
                           
                           The “Forecast requirements” row may
                              not be the organization’s unmodified forecast; it can include information on
                              special orders or customer inventory adjustments.

                           
                           

                        
                        
                        
                        	
                           
                           
                           The change in forecast in week 5
                              could be due to local demand or a sales promotion. One of the benefits of
                              DRP is the ability to incorporate demand changes at this level.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Lead time indicates the number of
                              periods it takes to load, ship, unload, and store the product.

                           
                           

                        
                        

                     
                     
                     
                     The outcome of the DRP record is a plan for
                        upcoming shipments needed to provide the customer with the contracted service
                        level.

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               DRP
                  Calculation

               
               
               
               
                  
                  
                  Exhibit 8-49 shows
                     an example of three DRP grids, which have the same logic and appearance as an MRP
                     grid.
                     Grids for DC A and B feed to a DRP grid for central supply. This in turns feeds the
                     master
                     scheduling grid in the form of gross requirements.

                  
                  
                  
                  
                     Exhibit 8-49: DRP Grids Feed to Central Supply and Master Schedule[image: A detailed table illustrating the flow of Distribution Requirements Planning (DRP) grids feeding into a central supply and master schedule. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Note how each DC will have its own lot
                     sizes, lead times, and safety stock levels for the particular inventory item. Each
                     will
                     also modify its gross requirements by its projected available balances to determine
                     net
                     requirements and schedule planned order receipts based on these net requirements.
                     DC A has
                     a lead time of one week, so a planned order release is set for week 6. DC B has a
                     two-week
                     lead time, so a planned order receipt for week 8 is also planned to be released in
                     week 6.
                     These orders for 400 and 500 units (the respective lot sizes) are summed and appear
                     on the
                     central supply grid as a gross requirement for 900 units in week 6. After net requirements
                     are calculated, a planned order receipt for a lot size of 600 units is scheduled.
                     This is
                     offset by the three-week lead time for a planned order release in week 3 in the master
                     scheduling grid. This becomes a gross requirement, and the normal master scheduling
                     process converts these into the master production schedule.

                  
                  
                  
                  In addition to this big-picture view, note also that the net
                     requirements are shown for DCs A and B and for central supply. Using the rules for
                     MRP,
                     the DC A net requirements for week 7 would be calculated as follows:

                  
                  
                  
                  [image: ../images/mathml_id20A80H00QBI.png]
                  
                  
                  
                  [image: ../images/mathml_id20A80H00QX4.png]
                  
                  
                  
                  However, note that this
                     DC has a safety stock requirement of 70 units, so the prior projected available will
                     be
                     reduced by the safety stock requirement as follows:

                  
                  
                  
                  [image: ../images/mathml_id20A80H090ZJ.png]
                  
                  
                  
                  [image: ../images/mathml_id20A80H0907U.png]
                  
                  
                  
                  This same change to net
                     requirements would be made in MRP when safety stocks are held. In this way, the projected
                     available will not fall below the safety stock level. The other net requirements in
                     the
                     prior exhibit are likewise calculated after accounting for safety stocks.

                  
                  

               
               

            
            
            
            
               
               
               Outputs

               
               
               
               
                  
                  
                  The outputs from DRP include the
                     following:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        
                           
                              Exception reporting.
                              
                           The results of DRP can be
                              viewed by planners in online displays, reports, or dashboards. Depending on the
                              sophistication of the DRP report, the volume of output can be overwhelming. Filtering
                              on exceptions decreases the volume of output and allows planners to focus their
                              attention.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              Planned orders.
                              
                           Planners must release
                              planned orders to become actual resupply orders for any items that have a value
                              greater than zero. A planned resupply order release schedule window is the
                              output.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              Action messages.
                              
                           These messages indicate
                              what actions need to be taken. They generally fall around exception reporting and
                              order maintenance.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              Pegged requirements.
                              
                           This output gives the
                              planner the ability to trace items’ resupply orders back to the source.
                           

                        
                        

                     
                     

                  
                  
                  
                  One way that pegged data is used is in bottom-up replanning. The ASCM Supply Chain Dictionary defines bottom-up
                        replanning as:

                  
                  
                  
                  
                     
                     
                        In material requirements planning (MRP), the process of using pegging data to solve
                           material availability problems or other problems. This process is accomplished by
                           the planner (not the computer system), who evaluates the effects of possible solutions.
                           Potential solutions include compressing lead time, cutting order quantity, substituting
                           material, and changing the master schedule.
                        

                     

                  
                  
                  
                  As shown in Exhibit 8-50, DRP
                     outputs to the S&OP include product family–level channel demand and a logistics
                     resource requirements plan. DRP outputs to master scheduling (MS) include item-level
                     channel demand and a logistics capacity plan.

                  
                  
                  
                  
                     Exhibit 8-50: Links to S&OP and MS[image: Diagram showing DRP outputs feeding S&OP and Master Scheduling: Product family channel demand and logistics resource requirements flow to S&OP; item-level channel demand and logistics capacity plan flow to MS.]
                  
                  
                  

               
               
               
               
                  
                  
                  Logistics Resource Requirements Plan

                  
                  
                  
                  
                     
                     
                     One of the outputs of distribution requirements
                        planning is the logistics resource requirements plan (LRRP). The LRRP determines
                        intermediate- to long-term distribution resource requirements generated by the
                        inventory replenishment plan and the S&OP, as seen in Exhibit 8-51.

                     
                     
                     
                     
                        Exhibit 8-51: LRRP Information Flow[image: A diagram showing the process from channel replenishment forecast to various reports. Go to long description for more details.]
                     
                     
                     
                     
                     This includes

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Reviewing the aggregate channel
                              inventory plan (linked to S&OP)

                           
                           

                        
                        
                        
                        	
                           
                           
                           Determining the need for
                              distribution resources for the channel inventory plan

                           
                           

                        
                        
                        
                        	
                           
                           
                           Providing inputs to S&OP on
                              resource adequacy.

                           
                           

                        
                        

                     
                     
                     
                     In the ASCM Supply
                           Chain Dictionary, aggregate plan is defined as:

                     
                     
                     
                     
                        
                        A plan that includes budgeted levels of finished goods, inventory, production backlogs,
                              and changes in the workforce to support the production strategy. Aggregated information
                              (e.g., product line, family) rather than individual product information is used.

                        

                     
                     
                     
                     The logistics resource requirements plan
                        is concerned with these resources: inventory investment, transportation, storage
                        space, and labor and equipment. The major inputs are the mid-range channel
                        replenishment forecast and the aggregate channel inventory replenishment plan.

                     
                     
                     
                     The key features of the LRRP reports are
                        listed in Exhibit 8-52.

                     
                     
                     
                     
                        Exhibit 8-52: LRRP Elements
                        
                        
                        
                        
                           
                           
                           
                           
                              
                              
                                 
                                 
                                    
                                    
                                    
                                    
                                    
                                 
                                 
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Report

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Description

                                          
                                          
                                       

                                    
                                 
                                 
                                 
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Inventory
                                             investment report

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          
                                             
                                             	
                                                
                                                
                                                Addresses the implications and adequacy of
                                                   financial resources required by the aggregate
                                                   channel replenishment plan, a plan that
                                                   corresponds with and is linked to the sales and
                                                   operations plan

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                Projects aggregate inventory costs over a
                                                   planning horizon, based on product family–level
                                                   replenishment and shipping costs and inventory
                                                   balances

                                                
                                                

                                             

                                          
                                          
                                       

                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Transportation
                                             planning report

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          
                                             
                                             	
                                                
                                                
                                                Addresses transportation requirements necessary
                                                   to ensure that inventory is available at
                                                   distribution points

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                Bases
                                                   costs on transportation unit factors (weight,
                                                   storage volume, pallets), shipping cost per unit,
                                                   and typical product family shipping profiles
                                                   (weight of 32 boxed units on a pallet requiring 64
                                                   cubic feet of space)

                                                
                                                

                                             

                                          
                                          
                                       

                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Warehouse
                                             space report

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          
                                             
                                             	
                                                
                                                
                                                Determines warehouse space required

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                Uses
                                                   data from the development of the inventory
                                                   investment and transportation reports

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                Based
                                                   on product family storage profiles (typical
                                                   weight, volume, pallet requirements)

                                                
                                                

                                             

                                          
                                          
                                       

                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Labor and
                                             equipment report

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          
                                             
                                             	
                                                
                                                
                                                Determines aggregate manpower and timing and
                                                   equipment needs at warehouses in the distribution
                                                   channel

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                Based
                                                   on aggregate labor and equipment processing work
                                                   standards per product family for, for example,
                                                   unloading, put-away, picking, packing, and
                                                   loading

                                                
                                                

                                             

                                          
                                          
                                       

                                    
                                 

                              

                           
                           

                        
                     
                     

                  
                  

               
               
               
               
                  
                  
                  Logistics Capacity Plan

                  
                  
                  
                  
                     
                     
                     Logistics
                        capacity planning employs basically the same DRP software and planning factors used
                        in the LRRP at the sales and operations planning level, for example, storage
                        profiles and standard put-away and picking times. Logistics capacity planning
                        differences include the following:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Planning is at the item level as
                              opposed to the product family level.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Planning is often on a weekly
                              rather than monthly basis.

                           
                           

                        
                        
                        
                        	
                           
                           
                           The timing of transportation
                              capacity and warehouse space availability that is determined on a monthly
                              basis during LRRP might not align with week-to-week availability changes
                              during the master production schedule planning horizon.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Last-minute changes in planned
                              order releases from MRP require quick logistics solutions to problems of
                              resource availability and costs.

                           
                           

                        
                        

                     
                     
                     
                     As a result, logistics capacity planning
                        is a much more dynamic process than LRRP and is driven by current operations. For
                        example, there is a heavy dependence on the use of DRP software’s planning and
                        simulation capabilities to be able to

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Maximize the use of truckload
                              capacity

                           
                           

                        
                        
                        
                        	
                           
                           
                           Expedite shipments to replace
                              those that are canceled or delayed

                           
                           

                        
                        
                        
                        	
                           
                           
                           Plan the use of resources over a
                              horizon of several periods to make optimal use of transportation and storage
                              resources

                           
                           

                        
                        
                        
                        	
                           
                           
                           Review warehouse space
                              availability to accommodate production schedule changes

                           
                           

                        
                        
                        
                        	
                           
                           
                           Constantly assess the financial
                              impacts of transportation and warehousing decisions.

                           
                           

                        
                        

                     
                     
                     
                     DRP is critical to coordinating material
                        flows, similar to MRP in manufacturing. DRP data are fed into the manufacturing
                        planning and control system using time-phased information on inventories, material
                        in transit, and shipping plans. This allows DRP to provide the data required to
                        match customer demand with the supply of products throughout the distribution and
                        manufacturing processes.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Collaborating with DCs

            
            
            
            
               
               
               The
                  purposes of distribution requirements planning (DRP) include

               
               
               
               
                  
                  
                  	
                     
                     
                     Enabling data capture
                        down to the local level, which facilitates forecast modifications
                        and current inventory reporting

                     
                     

                  
                  
                  
                  	
                     
                     
                     Providing
                        data for distribution facility management and consistent communications
                        throughout the supply chain.

                     
                     

                  
                  

               
               
               
               What
                  can the supplier do to promote these purposes and better manage
                  stock replenishment? The answer is collaboration. The following
                  are ways suppliers can collaborate with distribution centers (DCs)
                  to improve DRP results.

               
               
               
               
                  
                  
                  	
                     
                     
                     Improve inventory
                           accuracy. Improve inventory accuracy with improved supplier product
                        labeling, accurate case counts, and correct SKU (stock keeping unit)
                        labeling.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Improve stocking/picking/packing
                           velocity. Improve velocity of stocking, picking, and packing
                        within the DC when the supplier uses best practices such as

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Palletized unit loads

                           
                           

                        
                        
                        
                        	
                           
                           
                           Consistent use of barcoding, standard radio frequency
                              identification tags, etc.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Use
                              of an inventory dashboard to better manage the DC’s aggregate inventory and
                              space

                           
                           

                        
                        
                        
                        	
                           
                           
                           Commitment
                              to complete, damage-free, and on-time delivery of every order, accompanied
                              by an accurate packing list.

                           
                           

                        
                        

                     
                     

                  
                  

               
               
               
               Both the supplier and
                  the organization reap the benefits of a collaborative relationship.

               
               
               
               A key way to collaborate with other supply
                  chain participants is to link up DRP systems, as is discussed more
                  next.

               
               

            
            
            
            
               
               
               DRP in a
                  Multi-Echelon Environment

               
               
               
               
                  
                  
                  The ASCM Supply Chain
                        Dictionary defines an echelon as:

                  
                  
                  
                  
                     
                     A level of supply chain nodes, such as factories, warehouses, and retail stores. Each
                           echelon adds operating expense, holds inventory, adds to the cycle time, and expects
                           to make a profit. See: disintermediation.

                     

                  
                  
                  
                  DRP is widely used as a scheduling
                     tool in multi-echelon inventory systems to solve the finished goods dispatch
                     problem.

                  
                  
                  
                  Consumer demand is the
                     ultimate factor that drives the DRP solution. Each individual location within
                     the multi-echelon system receives an efficient product flow within the
                     distribution network. The steps involved in the process are as follows:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Step 1: Generate the DRP for
                           the selected item from all DCs.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Step 2: Use the bill of
                           distribution file to determine the relationship of each DC in the
                           channel to its supplying facility.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Step 3: All planned resupply
                           orders for the DCs are loaded directly into the gross requirements of
                           the production plant.

                        
                        

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Section C: Order Management, Trace/Track, and KPIs

         
         
         
         
            
            
            
               After completing this section, students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Manage customer orders by evaluating
                     inventory availability and lead time in support of marketing and customer
                     service level goals 

                  
                  

               
               
               
               	
                  
                  
                  Evaluate open customer orders (backlog) to meet on-time delivery goals 

                  
                  

               
               
               
               	
                  
                  
                  Describe the order cycle stages in the
                     order fulfillment process

                  
                  

               
               
               
               	
                  
                  
                  Adjust past-due customer orders
                     (backorders) considering resource availability, cost, and service tradeoffs. 

                  
                  

               
               
               
               	
                  
                  
                  Utilize appropriate inventory
                     traceability and tracking techniques throughout the supply chain from point
                     of origin to final destination

                  
                  
                  
                  
                     
                     	
                        
                        
                        Create and monitor advanced shipping notice (ASN) and delivery
                           information

                        
                        

                     
                     
                     	
                        
                        
                        Monitor the proper identification and traceability of inventory

                        
                        

                     
                     
                     	
                        
                        
                        Ensure adherence to traceability standards

                        
                        

                     
                     
                     	
                        
                        
                        Maintain lot control and serial
                           numbers 

                        
                        

                     
                     
                     	
                        
                        
                        Adhere to product recall
                           guidelines

                        
                        

                     

                  
                  

               
               
               
               	
                  
                  
                  Monitor off-site or deployed inventory and assets

                  
                  

               
               
               
               	
                  
                  
                  Monitor timing and volume of returned deployed inventory and other
                     assets.

                  
                  

               
               
               
               	
                  
                  
                  Monitor inventory movement using appropriate tracking techniques 

                  
                  

               
               
               
               	
                  
                  
                  Monitor key performance indicators
                     (KPIs) of the distribution network 

                  
                  

               
               
               
               	
                  
                  
                  List data collection methods for
                     gathering feedback.

                  
                  

               
               

            
            
            
            Customer order management discussions here include evaluating open orders (backlog)
               and adjusting past due orders (backorders). The ability to track inventory and trace
               its journey through the supply chain is an important aspect of inventory control,
               both to ensure regulatory compliance and to keep supply chain participants and
               customers informed. Also addressed are distribution network performance measurement
               and feedback.

            
            

         
         
         
         
   
      
         
         
         
         Customer Order Management

         
         
         
         
            
            
            After looking at the order cycle stages, we
               discuss improving order cycle time. Expediting orders is often needed when
               exceptions occur, so this is also covered.

            
            

         
         
         
         
         
            
            
            Order Cycle Stages and Improvements

            
            
            
            
               
               
               Customer
                  orders follow an order cycle, and it is important to know the steps and substeps in
                  this cycle so that planning and inventory management professionals can do their part
                  to keep the process effective and efficient. Your part in managing customer orders
                  may include monitoring inventory availability and lead time in support of marketing
                  and customer service goals, monitoring open customer orders to meet on-time delivery
                  goals, and expediting or adjusting past-due customer orders considering cost and
                  service tradeoffs.

               
               
               
               The order cycle has a number of steps that can be
                  grouped into stages, as shown in Exhibit 8-53 for
                  a B2B process. Various organizational functions may be involved in performing these
                  steps, from customer service, to logistics, to accounts receivable.

               
               
               
               
                  Exhibit 8-53: Simplified Order Cycle Stages With B2B Order and Fulfill Processes[image: The image outlines the four stages of the order fulfillment process: order transmittal, order processing, order picking and packing, and order delivery. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               SCOR DS has more detailed order (O) and fulfill (F) processes for B2C (O1 and F1),
                  B2B (O2 and F2), and intra-company (O3 and F3) and each has sample workflows that
                  allow some processes to be performed in a different order (also some processes such
                  as for cancellation are situational). Exhibit 8-54 lists order and fulfill processes for B2C and B2B.

               
               
               
               
                  Exhibit 8-54: SCOR DS Order and Fulfill Processes for B2C and B2B
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    B2C

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    B2B

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    O1.1 Receive Customer Information

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    O2.1 Process Inquiry and Quote

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    O1.2 Apply Customer Loyalty/Prioritization Status

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    O2.2 Receive, Enter, and Validate Order

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	 
                                 
                                 
                                 	
                                    
                                    
                                    O2.3 Confirm Inventory Availability and Delivery Date

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	 
                                 
                                 
                                 	
                                    
                                    
                                    O2.4 Apply Allocation Rules

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    O1.3 Build Order

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    O2.5 Generate and Submit Order

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    O1.4 Process Payment

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    O2.6 Process Payment

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    O1.5 Generate Receipt and Shipping Date

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    O2.7 Transmit Order

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    O1.6 Receipt and Process Cancellation

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    O2.8 Receive and Process Cancellation

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    F1.1 Receive B2C Product from Source or Transform

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    F2.1 Receive B2B Product from Source or Transform

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    F1.2 Receive Order Signal

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    F2.2 Receive Order Signal

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    F1.3 Pick Product

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    F2.3 Pick Product

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    F1.4 Pack Product

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    F2.4 Pack and/or Kit Product

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    F1.5 Stage Product

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    F2.5 Stage Product

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    F1.6 Schedule Transportation

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    F2.6 Schedule Transportation

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    F1.7 Notify and Confirm Shipment Window

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    F2.7 Notify and Confirm Dock Appointment

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    F1.8 Load Vehicle and Generate Shipping Document

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    F2.8 Load Vehicle and Generate Shipping Document

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	 
                                 
                                 
                                 	
                                    
                                    
                                    F2.9 Invoice

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    F1.9 Ship Product

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    F2.10 Ship Product

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    F1.10 Assemble or Install Product

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    F2.11 Assemble or Install Product

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    F1.11 Obtain Proof of Delivery or Customer Acceptance

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    F2.12 Obtain Proof of Delivery or Customer Acceptance

                                    
                                    
                                 

                              
                           

                        

                     
                     
                     
                     Source: SCOR DS Website (scor.ascm.org). Used with
                           permission.

                     
                     

                  
               
               
               
               Some organizations have had success in mapping
                  out the tactics of what truly needs to be done in these stages, comparing this to
                  the equipment, systems, and processes that are being used to facilitate the step,
                  and then determining whether changes to any of these things could reduce the
                  duration of the order cycle and/or reduce costs. The results of such a
                  tactical-level analysis can be used to drive capital investments in new systems or
                  equipment or process improvement projects. If such an analysis is being done at a
                  corporate headquarters level, local personnel need to be included in the meetings
                  to
                  ensure that actual requirements and other things like constraints or potential flaws
                  with a plan are considered. Once a plan shows theoretical improvements (perhaps
                  using a value stream mapping process), a pilot study at one location might be done
                  as proof of concept.

               
               
               
               It is important to understand that making improvements to the
                  order cycle process could involve reducing its total duration and/or reducing the
                  amount of variability in the process. This is addressed more next.

               
               

            
            
            
            
               
               
               Addressing Cycle Time Duration and Variability

               
               
               
               
                  
                  
                  The lead time begins when a customer places an order;
                     includes the seller’s order processing, order picking and packing, and order
                     delivery time; and concludes with receipt by the customer.

                  
                  
                  
                  Lead time variability and reliability are important. Many
                     organizations use order cycle performance as a metric for customer service. Longer
                     lead times may require buyers to have higher levels of inventory. High variability
                     in lead times may also require that buyers have more inventory (i.e., safety stock)
                     to reduce the relatively higher risk that they will run out of inventory before new
                     products are delivered from the seller.

                  
                  
                  
                  A variability reduction initiative can start by looking at
                     order transmittal. This cycle could be shorter if electronic processing is the only
                     allowed method but will be significantly longer if ordinary mail is used. While this
                     activity is not under your control since it is a customer activity, it impacts the
                     lead time, and therefore you may need to find ways to influence it. Order picking
                     in
                     particular has a very high maximum range in this scenario, which could be due to
                     backorders or picking backlogs. This is a key area for variance reduction, and the
                     organization’s plans should reduce this variability.

                  
                  
                  
                  Note that lead time doesn’t account for the critical payment to
                     the seller, so for some analyses, the order-to-cash (O2C) cycle is used instead.
                     Cash flow timing (specifically, the time it takes for the receipt of payment for an
                     order) is an important part of overall supply chain efficiency, so O2C has come into
                     favor as a more holistic measure of supply chain health. Depending on the scope of
                     analysis, this can go all the way back to payments to raw material suppliers.

                  
                  
                  
                  There are a variety of
                     popular order cycle models, such as ASCM’s SCOR-DS order cycle model, which
                     enumerates 25 distinct activities within the order cycle.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Exceptions and Expediting

            
            
            
            
               
               
               What happens when the customer notes a problem when he or
                  she receives the shipment? This is referred to as an exception, which can be
                  described as any problem or issue during any portion of the delivery process that
                  the customer or driver makes notes of on the delivery receipt before signing it.
                  Exceptions can occur at and between each milestone in the delivery process. For
                  instance, exceptions might be due to the shipper’s damage to the order, problems
                  with a carrier, or a shortage of items in the order.

               
               
               
               There are several other uses of the term
                  “exception” that may be pertinent to shipments of customer orders:

               
               
               
               
                  
                  
                  	
                     
                     
                     Carriers aren’t liable for certain items,
                        including documents, coin money, or articles of extraordinary value, unless
                        each item is specifically rated in published classifications or tariffs.
                        However, exceptions can be made if there’s a written agreement and the
                        stipulated value is on the bill of lading.

                     
                     

                  
                  
                  
                  	
                     
                     
                     There are also bill-of-lading exceptions.
                        The terms and conditions of most bills of lading hold transportation
                        providers liable while the goods are in their custody for loss, damage, or
                        delays, except when they are caused by acts of God, public enemies
                        (criminals or terrorists), the authority of law, or the act or default of
                        the shipper. Even if shippers are liable, maximum damages may differ by
                        country.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Except in the case of negligence, the
                        transportation provider is not liable for loss, damage, or delays due to

                     
                     
                     
                     
                        
                        	
                           
                           
                           Strikes or riots

                           
                           

                        
                        
                        	
                           
                           
                           Lack of usable highways, ferries,
                              or bridges

                           
                           

                        
                        
                        	
                           
                           
                           The property being detained en
                              route at the request of the owner, shipper, or other party entitled
                              to make such a request

                           
                           

                        
                        
                        	
                           
                           
                           A defect in the property.

                           
                           

                        

                     
                     

                  
                  

               
               
               
               When there is a problem in the form of damage,
                  there might be a freight claim. According to the ASCM
                     Supply Chain Dictionary, a freight claim is:

               
               
               
               
                  
                  A formal legal claim filed to seek monetary compensation for damaged freight, delayed
                        or incorrect deliveries, overcharges, or other service failures. The amount of damages
                        can be up to the value of the goods had they been safely delivered on time.

                  

               
               
               
               Freight claims are official documents that notify a
                  carrier of defective or inaccurate deliveries, delays, or other issues. Normally,
                  visible damage would need to be noted (recorded on the receipt or photographed)
                  before receiving signs for the shipment. Claims often must be made within nine
                  months from the delivery date, but this period may vary by country. Terms for
                  handling claims are usually stated in the freight bill. It’s critical that the
                  organization be aware of which party is legally the owner of a shipment.

               
               
               
               The organization must deal effectively with
                  exceptions and be adept at managing change, particularly any unusual customer
                  requests. To be approved, such requests need to pass a test related to profitability
                  and available capacity. Examples of customer-requested changes include

               
               
               
               
                  
                  
                  	
                     
                     
                     One-time customization of a product

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modification of a product while it’s in the
                        logistics system

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional services to support a product
                        promotion campaign

                     
                     

                  
                  
                  
                  	
                     
                     
                     Assistance with a product recall requiring
                        additional repacking or transportation

                     
                     

                  
                  
                  
                  	
                     
                     
                     Changes to normal delivery locations.

                     
                     

                  
                  

               
               
               
               The team must manage expectations around these
                  types of changes and encourage their customers to give them as much advance notice
                  as possible so that adjustments to the planning and deployment of resources can be
                  coordinated in a cost-effective manner.

               
               

            
            
            
            
               
               
               Open Order Monitoring

               
               
               
               
                  
                  
                  Careful follow-up on open orders is vital for
                     customer satisfaction. This process can be called pre-expediting, defined in the ASCM Supply Chain Dictionary
                     as: “The function of following up on open
                        orders before the scheduled delivery date to ensure the timely delivery of materials
                        in the specified quantity.” If an open order is awaiting materials, the materials should be
                     allocated to the order immediately upon arrival of the supplier’s
                     shipment. Best practices here may involve the following:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Developing a process
                           for those who are tracking open order status

                        
                        

                     
                     
                     
                     	
                        
                        
                        Documenting and
                           sharing a written process for exactly how to handle
                           late or emergency purchase orders

                        
                        

                     
                     
                     
                     	
                        
                        
                        If the full order
                           cannot be shipped, determining whether the buyer
                           would rather take a partial order, wait until the
                           full order can be shipped, or take a third
                           option

                        
                        

                     
                     
                     
                     	
                        
                        
                        Designating an
                           official supplier liaison

                        
                        

                     
                     
                     
                     	
                        
                        
                        Scheduling regular
                           visits to suppliers to build relationships and
                           increase communication on expectations

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Expediting

               
               
               
               
                  
                  
                  Expediting can be applied to any stage of the supply
                     chain. We’ll consider expediting of supply (source and transform) and expediting of
                     transportation (fulfill and return).

                  
                  

               
               
               
               
                  
                  
                  Expediting of Supply

                  
                  
                  
                  
                     
                     
                     Expediting of supply is something that should be
                        very rare indeed in a well-managed system, because it often reduces profitability
                        and causes other unintended side effects, such as harming customer service for
                        customers being bumped. However, expediting is sometimes necessary because not
                        everything goes according to plan or a customer is important enough or willing to
                        pay enough to make it necessary or worthwhile.

                     
                     
                     
                     What creates the need for expediting (real or
                        apparent)? In many cases, expediting is caused by inventory shortages, which are in
                        turn caused by poor demand forecasting. The result is that salespersons start
                        competing against one another to get their customers’ needs satisfied. Salespersons
                        are often willing to spend a great deal of time expediting, by which we mean
                        cajoling various suppliers or internal staff to get more done in less time or shift
                        priorities. When this fails, salespersons may then escalate their expediting to
                        senior salespersons or a vice president based on the importance of the customer.
                        This scenario is an example of what happens when people focus on the short term and
                        ignore long-term improvements. It creates an atmosphere of one emergency after the
                        next. If they were to spend as much time on improving forecasts as they did on
                        expediting, it would likely produce better and longer-lasting results.

                     
                     
                     
                     Expediting is achieved with suppliers by asking
                        them to prioritize the organization’s needs above those of other customers.
                        Depending on how important you are to them, your results may or may not be
                        successful. They may charge the organization a premium for this priority.

                     
                     
                     
                     Expediting is achieved with internal production
                        by making requests to the master scheduler, but such requests may need to be
                        escalated to senior management in the case of changes in the frozen zone. Policy may
                        dictate that this be a formal request with proper paperwork due to its significance.
                        This change is typically accomplished only by de-prioritizing a different customer
                        order. The appropriate manager will need to have a discussion with the customer to
                        see if this is acceptable or to at least inform the customer if their consent is not
                        being sought. The master scheduler makes decisions on expediting of production in
                        the slushy zone, and this may also need to be a formal request. If expediting is
                        necessary and the slushy zone production will not be ready soon enough, then another
                        option might be to supply it from allocated inventory (e.g., safety stock or
                        delaying customer receipt of inventory promised to them).

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Expediting of Transportation

                  
                  
                  
                  
                     
                     
                     Expediting of transportation can take the form of
                        the shipper telling the carrier that a particular shipment needs to move to its
                        destination as fast as possible and without any delays. This type of request may
                        involve paying an expediting fee if the goods need to arrive before stipulated in
                        the shipping contract. It may also not be possible to expedite a delivery much if
                        the process is already efficient.

                     
                     
                     
                     Another way to expedite transportation is to ship
                        via a faster mode of transport if the shipment isn’t already in transit. Just as a
                        commuter may take a cab when a bus will take too long, expediting transportation may
                        involve using an overnight delivery service if the units are small and light enough
                        for these services to handle, or it could involve upgrading from ground to air
                        transport, again depending on what is being shipped. If expediting is being done at
                        the request of the customer, any extra costs, including administrative costs, would
                        normally be passed on to them. If it is being done to fix an error or backlog, the
                        organization will need to assume the expense.

                     
                     
                     
                     Organizations can measure the amount of expediting
                        that is being done and its costs so they can determine the savings that can be
                        gained if these costs can be avoided.

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Inventory Traceability and Tracking

         
         
         
         
            
            
            Here we address the need for traceability, traceability
               requirements, and tracking in-transit inventory. We also address inventory tracking
               technology that enables both inbound and outbound tracking and related performance
               measurement.

            
            

         
         
         
         
         
            
            
            Need for Traceability

            
            
            
            
               
               
               Good governance, production techniques, and customer
                  service levels require the ability to track inventory through the system, from
                  receipt and storage, through production, to shipment and delivery. In addition to
                  internal inventory control, organizations need inventory traceability throughout the
                  supply chain from the point of origin to the final destination. The ASCM Supply Chain Dictionary defines traceability as:

               
               
               
               
                  
                  
                     1) The attribute allowing the ongoing
                        location of a shipment to be determined. 2) The registering and tracking of parts,
                        processes, and materials used in production, by lot or serial
                        number.
                     

                  

               
               
               
               Note that inventory
                  traceability is considered to be a subset of inventory control.
                  That is, it provides factual data necessary for making inventory
                  control decisions that are in accord with inventory policy. Inventory
                  traceability is also needed in many industries due to transportation
                  contract, regulatory, customer service, and sustainability requirements.

               
               
               
               Another reason for traceability is to manage recalls, which are defined by the ASCM Supply Chain Dictionary as: “A step in the reverse logistics process when
                     parts or products are requested to be returned because of a product defect or
                     potential hazard resulting from government regulations or liability
                     concerns.” Recalls can impact any industry that is subject to safety regulations or is
                  vulnerable to related liability risks. For example, if contaminated produce is
                  responsible for an outbreak of foodborne illness, it is helpful to be able to track
                  the outbreak to specific regions or farms. By doing so and determining where produce
                  from the affected areas ended up, the outbreak can be quickly and accurately
                  addressed rather than needing an overly broad response.

               
               
               
               Some industries have very stringent inventory traceability
                  requirements, pharmaceuticals and foodstuffs being key examples, so technologies
                  such as blockchain are being adopted in these industries. Documentation requirements
                  have been developed by organizations such as the U.S. Food and Drug Administration
                  (FDA), the U.K. Medicines and Healthcare Products Regulatory Agency (MHRA), and
                  other similar regulating organizations. For example, the U.S. FDA has developed
                  regulations requiring more thorough documentation of the chain of custody or audit
                  trail of drugs as they move through the supply chain. A chain of custody is the
                  documented evidence of which parties had the product in their custody at which
                  points and times. A more stringent type is a chain of integrity. A chain of
                  integrity provides the benefits of a chain of custody, but also gives more assurance
                  about the traceability and origin of the product’s components (e.g., proof of
                  ethical sourcing), their authenticity (e.g., not counterfeit, stolen, or
                  misbranded), and that maintained required storage and transportation conditions are
                  also traceable (e.g., temperature and humidity records at each location for a
                  vaccine that requires very low temperature storage and handling). 

               
               
               
               Supply chains are affected
                  by the documentation burden. These include additional labeling and
                  packaging requirements that enable manufacturers and regulators
                  to demonstrate tracking of lots in terms of transit stages, time
                  spent at each stage, packaging configurations, and storage conditions.
                  For example, as pharmaceutical products move from company to company
                  and through the hands of carriers, documentation of temperatures
                  must be provided for cold storage items. Foods also need traceability,
                  such as to track lots affected by salmonella.

               
               
               
               Traceability requirements
                  have become stricter in recent years in part because of concerns
                  about counterfeit and adulterated drugs in the pharmaceutical industry.
                  This has led to a tightening of regulatory requirements for ensuring
                  unique identification.

               
               
               
               Electronics and chemical
                  industries also need traceability. Regulations exist for material
                  content reporting, reduction of hazardous materials in components,
                  and responsible end-of-life recycling and disposal. For example,
                  the European Union has implemented regulations regarding the recycling
                  of electronic waste, called the Waste Electrical and Electronic
                  Equipment (WEEE) Directive. WEEE mandates that suppliers take back
                  equipment at the end of its economic life and sets targets for recycling
                  and recovery of material used in electronics. Tracking is required
                  for proof of compliance.

               
               

            
            

         
         
         
         
            
            
            Traceability Requirements

            
            
            
            
               
               
               Traceability includes
                  the ability to identify the origin of materials and parts, the processing
                  history of the product, and its distribution path, including the
                  final destination for after-delivery service. While traceability
                  enables reviewing the history of a product, a key benefit is that
                  this wealth of data enables future-oriented data analytics when
                  paired with other data.

               
               
               
               Traceability identifies
                  who, what, where, when, and why.

               
               
               
               
                  
                  
                  	
                     
                     
                     “Who” indicates the
                        parties involved and the transfer of ownership between them.

                     
                     

                  
                  
                  
                  	
                     
                     
                     “What”
                        indicates the class, lot, or instance of a product as well as other
                        data such as expiration date, product warnings, and ingredients.

                     
                     

                  
                  
                  
                  	
                     
                     
                     “Where”
                        indicates specific locations of events.

                     
                     

                  
                  
                  
                  	
                     
                     
                     “When”
                        indicates the date and time of events.

                     
                     

                  
                  
                  
                  	
                     
                     
                     “Why”
                        indicates the nature of the event, such as processing or delivery
                        to the customer.

                     
                     

                  
                  

               
               
               
               Requirements related
                  to traceability include

               
               
               
               
                  
                  
                  	
                     
                     
                     Inventory identification
                        and documentation

                     
                     

                  
                  
                  
                  	
                     
                     
                     Transportation
                        documentation

                     
                     

                  
                  
                  
                  	
                     
                     
                     Adherence
                        to traceability standards

                     
                     

                  
                  
                  
                  	
                     
                     
                     Adherence
                        to product recall guidelines.

                     
                     

                  
                  

               
               
               

            
            
            
            
               
               
               Inventory Identification and Documentation

               
               
               
               
                  
                  
                  Inventory
                     identification has multiple layers. The supply chain includes a
                     number of traceable objects, from individual products, to cartons,
                     to master cartons, to pallets, to truckloads, and so on. Assets
                     such as trucks, containers, or railcars are also traceable objects.
                     Identification (ID) codes can be assigned to all of these types
                     of traceable objects. Some traceable objects are uniquely identified
                     only up to a certain level, while others are identified at all three
                     of the following levels:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        
                           
                              Class.
                              
                            At the
                              class level, a product or part ID code identifies the unique product
                              or part class. (If the engineering specifications change, so would
                              this ID.)
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              Batch/lot.
                              
                           At the
                              batch or lot level, a batch or lot ID code creates a subset of the
                              class, such as one based on manufacturing time and location.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              Instance.
                              
                           At the
                              instance level, a unique serialized ID identifies a unique instance
                              of a product.
                           

                        
                        

                     
                     

                  
                  
                  
                  The right level of identification is based on risk and
                     feasibility. Products and raw materials that could pose risks to workers or
                     consumers should always be identified at the batch/lot level and sometimes at the
                     instance level. Items that pose few risks, such as product packaging, could be
                     identified only at the class level. Feasibility plays a role in identification,
                     since it may be impractical, impossible, or too expensive to assign unique IDs to
                     some items. The ASCM Supply Chain Dictionary defines the following lot
                     identification terms.

                  
                  
                  
                  
                     
                     Lot
                           traceability:
                        The ability to identify and track the lot or batch number of a product from source
                           to point of use using a unique lot number. In certain regulated industries, lot traceability
                           may be a legislative requirement, such as in pharmaceuticals or the food industry.
                           See: lot control.

                     
                     Lot control:
                        Assigning a unique batch number to each lot or batch and tracking each batch through
                           subsequent processes. Lot control is used to maintain lot integrity from raw materials
                           from the supplier through manufacturing to consumers. See: blockchain, lot, lot traceability.

                     

                  
                  
                  
                  Both source items and make items require
                     lot control and maintaining lot number traceability. Some items
                     may need control by serial number. Note that a finished good’s parts
                     or ingredients could be subject to different levels of identification.
                     Tuna loins, for example, are identified at the instance level (for
                     one large container of tuna loins used as a raw material input),
                     but other ingredients such as olive oil or the cans are identified
                     only at the batch/lot level.

                  
                  
                  
                  For products identified at the instance
                     level, the organization needs a serial number system that will assign
                     a unique ID number to each item, control the issuance of those numbers
                     to prevent counterfeits, and enable maintenance and tracking of
                     those numbers. For some products, these unique instance-level serial
                     numbers will be used and recorded by supply chain partners as the
                     goods traverse the supply chain. In other cases, for practical purposes,
                     a carton or case is assigned an instance level ID and only this
                     is tracked. Regardless, the manufacturer maintains records on the unique
                     IDs within a given carton or case, but it becomes harder to prove
                     that the specific instance of an item was actually in that carton.

                  
                  
                  
                  Inventory identification
                     is enabled using tracking technology, which is discussed elsewhere.

                  
                  

               
               

            
            
            
            
               
               
               Adherence to Traceability Standards

               
               
               
               
                  
                  
                  Organizations are responsible
                     for meeting all relevant traceability requirements established by customers,
                     industry standards, certification bodies, and governmental or regulatory
                     bodies.

                  
                  
                  
                  Many ISO standards
                     include traceability requirements, but these are general requirements
                     to adhere to applicable national traceability requirements for a
                     given product or service. One widely used standard that includes
                     a traceability requirement is ISO 9001. It includes subclause 8.5.2,
                     “Identification and Traceability,” which requires identification
                     of outputs of an operation when product conformity is needed, to
                     establish and maintain the status of those goods (e.g., undamaged),
                     and, if required, to uniquely identify products and use and retain
                     related ID documentation. Traceability is also incorporated into
                     many industry-specific ISO standards. (These can be quite specific,
                     such as for cocoa traceability.) Examples include

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Air and space

                        
                        

                     
                     
                     
                     	
                        
                        
                        Medical
                           and biotechnology devices and products

                        
                        

                     
                     
                     
                     	
                        
                        
                        Farming,
                           feed, and food chains, including wild-caught fish and game

                        
                        

                     
                     
                     
                     	
                        
                        
                        Steel
                           and steel products, plastic pipes, gears, etc.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Oil
                           and gas, including related equipment

                        
                        

                     
                     
                     
                     	
                        
                        
                        Consumer
                           product safety

                        
                        

                     
                     
                     
                     	
                        
                        
                        Radio
                           frequency identification tagging requirements.

                        
                        

                     
                     

                  
                  
                  
                  Another international
                     traceability standard was developed by GS1. GS1 is a nonprofit global supply
                     chain standards-setting body that has over a million organizations as
                     members. The organization introduced the barcode in 1974. GS1’s traceability
                     standard is GS1-GTS2, Global Traceability Standard 2.0. GS1-GTS2 is an
                     international standard intended to enable traceability solutions to be
                     interoperable and scalable. It does this by providing open standards for
                     traceability system design, providing a framework for regional and local
                     standard development, and providing a consistent way to identify traceable
                     objects and related time- and location-based events over the product’s
                     lifetime. It has capacity-building and implementation services in 120
                     countries.

                  
                  

               
               

            
            
            
            
               
               
               Adherence to Product Recall Guidelines

               
               
               
               
                  
                  
                  Traceability enables
                     targeted product recalls. Rather than recalling all of a class of items, the recall
                     can be by batch or lot. This requires chain-of-custody information on the downstream
                     history of those products, all the way down to specific end customers when known
                     (drugs, implanted medical devices, automobiles). The use of product registration
                     cards can facilitate identification of purchasers. Recalls are restricted to
                     specific lots whenever possible, which requires lot traceability.

                  
                  
                  
                  Recall guidelines are specific to the jurisdiction.
                     There may be guidelines related to the following:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Mandatory and timely
                           reporting to the applicable regulatory body of information that
                           reasonably supports the conclusion that a distributed product fails
                           to comply with specific legislation or regulations, contains a defect
                           that represents a substantial product hazard, or creates an unreasonable
                           risk of serious injury or death.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Reporting
                           of related deaths, serious injuries, or liability lawsuits and their disposition.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Reporting
                           of specific lots needing recall, the pattern or nature of the defect
                           or issue, and its severity and likelihood.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Required
                           communications, the media to use, and their timing. (Communications may
                           need to take place through multiple forms of media. There may be
                           guidelines on the specific contents of the communications, such
                           as including a picture of the product. A hotline may need to be
                           established. Communications include the recall notification, a confirmation
                           of the recall having occurred, and recall closeout.)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Maintenance
                           or related documentation, such as the production and distribution records
                           as well as records of claims or lawsuits.

                        
                        

                     
                     

                  
                  
                  
                  Many recall guidelines
                     contain confidentiality protections. There may be a fast track program
                     for emergency recalls and a normal program for lower-risk recalls.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Tracking In-Transit
               Inventory

            
            
            
            
               
               
               Tracking in-transit inventory is
                  called order visibility. It allows the organization or its business-to-business
                  partners to locate and view the status of an order in real time. Usually
                  all order-related information from all parties across the supply
                  chain is shown, including various transportation services. The following
                  order details are often tracked:

               
               
               
               
                  
                  
                  	
                     
                     
                     Purchase orders in transit

                     
                     

                  
                  
                  
                  	
                     
                     
                     Product parts and SKUs (stock keeping units) in transit
                        (including codes, quantity, and container number)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Product
                        part and SKU details (including invoice value, cartons, dimensions,
                        and weight)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Multi-attribute
                        SKU definitions (size, color, style, barcode)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Role-specific
                        views of orders and movements of inventory

                     
                     

                  
                  
                  
                  	
                     
                     
                     Documentation
                        and regulatory compliance of suppliers

                     
                     

                  
                  

               
               
               
               Both buyers and suppliers
                  should have access to this system by batch process or by blockchain
                  (discussed elsewhere).

               
               
               
               With an order visibility
                  system in place, overall better customer service can be achieved
                  by enabling logistics professionals (or the buyer) to intervene
                  as soon as a problem or issue arises. Order visibility enables the
                  organization to stage, re-route, and prioritize order shipping by
                  having detailed container packing information readily available.
                  Shipping costs can also be optimized by improving container and capacity
                  utilization.

               
               

            
            
            
            
               
               
               Advanced Shipping Notices (ASNs)

               
               
               
               
                  
                  
                  An important way to enable order visibility is to provide
                     buyers with advanced shipping notices. The ASCM Supply
                        Chain Dictionary defines advanced shipping notice
                        (ASN) as: “A notification sent by the shipper to the purchasing organization prior to the shipment
                        leaving the facility, which provides the receiver sufficient time to prepare for delivery
                        of the shipment. The ASN is often sent via electronic data interchange (EDI) and includes
                        all relevant shipment details such as item descriptions, quantities, and tracking
                        information.” An ASN contains a list of the exact items being shipped, the quantities, and the
                     delivery date, with reference to a purchase order. Both importers and exporters can
                     use ASNs. There may be instances when a cargo shipment will have multiple ASNs as
                     it
                     moves from a container to a truck trailer.

                  
                  
                  
                  An
                     ASN serves four purposes:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        It provides the consignee (the buyer)
                           with time to plan for the arrival of the shipment.

                        
                        

                     
                     
                     
                     	
                        
                        
                        It allows the consignee time to arrange
                           delivery appointments.

                        
                        

                     
                     
                     
                     	
                        
                        
                        It enables the consignee to redeploy
                           the shipment’s contents.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Because it’s a forward flow of
                           information in the supply chain, it can reduce uncertainty in order
                           replenishment.

                        
                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Monitoring Deployed Inventory and Assets

            
            
            
            
               
               
               Off-site or deployed inventory and assets are any inventory or supply chain assets
                  that are deployed throughout the supply chain at various supply chain echelons or
                  at
                  customer sites. Deployed inventory includes materials owned by the organization’s
                  suppliers, by the organization itself, or by its customers. Deployed assets can
                  include consignment stocks, VMI, tooling, infrastructure, equipment, returnable bins
                  or racks, owned fleets, laptops, or inventory that is provided as samples or is
                  being rented or leased. Third-party assets need tracking to enable efficient and
                  effective coordination in their use and to avoid having redundant resources in the
                  same locations. 

               
               
               
               Tracking all inventory in the supply chain, perhaps sub-classified by its ownership
                  status, is ideal for visibility, traceability, and monitoring of inventory status
                  (e.g., to detect inactive, obsolete, or distressed inventory).

               
               
               
               Several methods can be used to enable monitoring and tracking the status of deployed
                  inventory and assets and monitoring the timing and volume of returned deployed
                  inventory and other assets. These methods include:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Internet of things (IoT):
                           
                        Devices
                           enabled using this technology can provide their location, condition, and
                           maintenance history either upon a data request or as real-time network
                           information. For example, to track high-value equipment in the
                           construction industry as it moves between job sites.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           GPS, RFID, and barcodes:
                           
                        Global
                           positioning systems (GPS), radio-frequency identification (RFID) and
                           barcodes help enable tracking of assets in information systems and
                           enable IoT.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Product lifecycle management:
                           
                        Software
                           designed to track products across their life cycles as well as batches
                           such as for restricting recalls to targeted batches helps track assets
                           and inventory and triggers their eventual retirement and possible return
                           for disposition.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           KPIs and reporting:
                           
                        SCOR DS
                           metric examples include AM.3.11 Average Age of Excess Inventory (an
                           inventory aging report), CO.3.21 Total Obsolescence for Raw Material,
                           WIP, and Finished Goods Inventory, or RL.3.49 Number of Occurrences When
                           Excessive Inventory is Returned and Followed.
                        

                     
                     

                  
                  

               
               
               
               For consignment and VMI inventories, visibility may depend on establishing automated
                  interfaces with supplier information systems that can provide inventory status
                  data.

               
               
               
               Specialized software in this area is called asset tracking software. It helps
                  integrate the various technologies just discussed and is especially valuable for
                  organizations with a high volume of deployed assets. This software can provide
                  traceability capabilities and help organizations comply with asset management
                  regulations and standards.

               
               
               
               Software for analyzing and monitoring and controlling rental assets also exists. It
                  can help identify the most profitable rental assets so that the organization can
                  invest in more of these assets, track the status of new assets on order, track
                  maintenance supplies for assets, schedule proactive maintenance, and determine when
                  to retire assets. They also help manage rental and return status.

               
               

            
            

         
         
         
         
            
            
            Inventory Tracking
               Technology

            
            
            
            
               
               
               Tracking a shipment from origin to destination has been a
                  major challenge for supply chains, as it was historically a manual and paper-based
                  process that could require over 50 documents. Ambiguity about where a product is in
                  the supply chain can contribute to the bullwhip effect, causing downstream inventory
                  issues.

               
               
               
               Note that while the tracking technologies are featured here
                  in the module on distribution, these technologies are just as useful for inbound
                  supply and for internal inventory management.

               
               
               
               A number of standards
                  and technologies have made inventory more visible—including across
                  international borders. From a lean perspective, this is conducive
                  to smaller and more frequent shipments of materials and is valuable
                  to factories that need visibility of the pipeline so that they can
                  run on fewer hours of inventory. These technologies can be integrated
                  with production and warehouse management systems so the data can
                  be communicated and analyzed.

               
               

            
            
            
            
               
               
               Barcodes

               
               
               
               
                  
                  
                  Barcodes can be attached to items, packaging, and shelf spaces and
                     then scanned by hand or stationary readers that use laser beams.
                     The barcode format and readers are standardized. The barcode,
                     in addition to including a unique identifier, can be associated
                     with an inventory record that has additional information about the
                     item. Items can be scanned into warehouse and inventory systems
                     at each stage of the transportation process. This can decrease errors
                     caused by manual entries of item numbers into systems.

                  
                  
                  
                   Exhibit 8-55 shows
                     common barcode types. The UPC code uses a standardized format. The
                     code is associated with an item record in a warehouse or inventory
                     system. The QR (quick recognition) code can be used in the same
                     manner as a barcode, but it can be read by automated equipment
                     more easily, it contains significantly more data capacity (such
                     as including lot/batch and instance IDs rather than just a class
                     ID), and it supports mobile tagging, which connects the user to
                     an internet site.

                  
                  
                  
                  
                     Exhibit 8-55: UPC and QR Code Examples[image: Side-by-side comparison of a UPC barcode with vertical black bars and numbers, and a square QR code made of black and white modules.]
                  
                  
                  
                  
                  A Global Trade Identification Number (GTIN) is a type
                     of barcode that, according to the ASCM Supply Chain
                        Dictionary includes:

                  
                  
                  
                  
                     
                     
                        An identification
                           number that uniquely identifies all products and services that are sold, delivered,
                           and invoiced at any point in the supply chain. GTINs are typically found at points
                           of sale and on consumer unit, inner pack, cases, and pallets of products in a distribution
                           or warehouse
                           environment.
                        

                     

                  
                  
                  

               
               

            
            
            
            
               
               
               Radio
                  Frequency Identification

               
               
               
               
                  
                  
                  Radio frequency
                     identification (RFID) systems are composed, like barcode systems,
                     of identifiers and readers. They are distinct from barcodes in
                     the way they are read, and this difference has significant consequences
                     for inventory owners and shippers.

                  
                  
                  
                  RFID
                     “tags” have computer chips containing identification data and other
                     information (e.g., rail transport assignments) that is read by receivers.
                     Some tags are passive and simply respond when a receiver pings them.
                     Some are active and send out a radio signal to the receiver. Tags
                     can also be read-only or rewriteable, which increases their usefulness.

                  
                  
                  
                  RFID systems have several advantages over
                     barcodes. The tags are more durable than printed labels, which
                     can be torn or smeared during handling. Because RFID signals are
                     read by radio, line of sight is not required. RFID signals can also
                     be read at great distances using satellite communications.

                  
                  
                  
                  Exhibit 8-56 illustrates
                     the general logic of an RFID system.

                  
                  
                  
                  
                     Exhibit 8-56: RFID Systems[image: The image illustrates an RFID system for tracking packages. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  RFID systems are frequently
                     used to track expensive or critical inventory. An expensive component
                     with an RFID tag can be located quickly in a large factory. A special-purpose
                     tool can be tagged and located more easily within a factory.

                  
                  
                  
                  RFID systems also provide valuable information
                     about lead times in production and distribution. Their data can
                     be analyzed to identify bottlenecks or analyze transportation timing.
                     Some retailers who rely heavily on global supply chains demand that
                     manufacturers use RFID in their shipments.

                  
                  
                  
                  For example, with its network of very large
                     shipyards, our case study shipbuilder invested in RFID technology.
                     Its processes are complex, and work-in-process (WIP) is often stored
                     in geographically separated areas that are hard to cover quickly.
                     RFID has given the managers the ability to visualize the location
                     of all WIP items in the system at any moment.

                  
                  
                  
                  RFID can help locate inventory in a distribution network that can be
                     redirected as needed to shorten lead times. It is also used to track the access of
                     personnel to help secure inventory and assets.

                  
                  
                  

               
               

            
            
            
            
               
               
               Satellite Tracking

               
               
               
               
                  
                  
                  A set of satellites along with
                     their ground stations form the Global Positioning System (GPS) network, so even cell
                     phones rely on satellite tracking. In addition, a number of vehicle satellite
                     tracking organizations exist to help track cargo.

                  
                  
                  
                  GPS systems
                     are typically battery-powered and cycle on and off at set intervals
                     to capture updated location information. They may also record locations
                     when sensors record an activity, for example, when the container
                     door opens. By automating this location information, shipping information
                     can be provided to the next customer in the supply chain. Automation
                     provides an additional layer of security.

                  
                  

               
               

            
            
            
            
               
               
               Internet of Things

               
               
               
               
                  
                  
                  The internet of things (IoT) basically involves
                     assigning a unique ID to an object or other thing and then enabling internet communications
                     with
                     it. From a track-and-trace perspective, traceable objects such as shipping containers
                     can be
                     linked using IoT technology and GPS devices (such as RFID) to determine their whereabouts
                     in
                     real time.

                  
                  
                  
                  Here are some types of data that could be collected for asset tracking, inventory
                     condition
                     and compliance, predictive equipment maintenance, gathering equipment utilization
                     data (e.g.,
                     underutilized trucks), or to improve worker safety by detecting fault conditions early:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Location

                        
                        

                     
                     
                     
                     	
                        
                        
                        Pressure, temperature, volume

                        
                        

                     
                     
                     
                     	
                        
                        
                        Vibration

                        
                        

                     
                     
                     
                     	
                        
                        
                        Humidity

                        
                        

                     
                     
                     
                     	
                        
                        
                        Energy consumption

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Blockchain

               
               
               
               
                  
                  
                  In
                     addition to sensors and GPS, technology such as blockchain can provide
                     a reliable and secure method of tracking goods movements and status.
                     Blockchain is a distributed ledger system in which it is nearly
                     impossible to alter information once it has been entered. This is
                     because the ledger is distributed among the participants and all
                     of the versions need to agree with one another. The systems use
                     complex cryptography and networking rules to make this happen without
                     needing to rely on an independent third party.

                  
                  
                  
                  Blockchain can provide a number of benefits
                     for track and trace, including

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Reliable
                           (irrefutable) evidence of transfer of goods between parties, which
                           in turn creates a chain of custody for goods and their source materials
                           such as for product safety, product recalls, or country-of-origin
                           evidence

                        
                        

                     
                     
                     
                     	
                        
                        
                        Automated capture and distribution of reliable data from
                           IoT devices, such as temperature records of a
                           refrigerated truck

                        
                        

                     
                     
                     
                     	
                        
                        
                        Preventing
                           insertion of counterfeits into the network by validating serial
                           numbers.

                        
                        

                     
                     

                  
                  
                  
                  Here are some examples:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        There are several competing blockchain
                           solutions for water shipping and ports, including
                           the Global Shipping Business Network (GSBN) (30%
                           of global container traffic), which includes COSCO
                           Shipping Lines, CMA CGM, Hutchinson Ports, and a
                           number of other major carriers and terminal
                           operators.

                        
                        

                     
                     
                     
                     	
                        
                        
                        IBM Food Trust tracks millions of transactions
                           and can trace contaminations in seconds (versus
                           within a week for pre-blockchain). In pilots, it
                           reduced food waste by 80% and it has many large
                           organizations as members.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The Walmart/IBM Blockchain Platform traces
                           leafy greens in seconds and has been expanded to
                           serve other products such as pharmaceuticals. It
                           can isolate contaminated batches much faster than
                           pre-blockchain and covers multiple farms in key
                           regions.

                        
                        

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Distribution Performance KPIs

         
         
         
         
            
            
            Here we discuss distribution performance metrics, starting
               by relating common performance objectives to related SCOR DS attributes and metrics.
               Other important distribution metrics are addressed after that. Then we address
               gathering intermediate and end customer feedback and using that feedback to improve
               distribution.

            
            

         
         
         
         
         
            
            
            Distribution Metrics and SCOR DS

            
            
            
            
               
               
               As with any performance
                  measurement system, distribution performance measurement should
                  select and use a consistent set of key performance indicators (KPIs).
                  The goal of the KPIs is to determine how well the organization is
                  performing against predetermined targets for the measurements.

               
               
               
               Keep in mind that just because something is being measured
                  does not mean that it is going to improve overnight. Measuring is just the first
                  step to improvement. If there is a significant gap between current performance and
                  ideal performance, intermediate goals should be set to help the organization improve
                  over time. Most organizations build a scorecard using their selected KPIs both to
                  track performance internally and to share that performance with partners so they can
                  self-improve.

               
               
               
               Every
                  movement in a distribution network can be tracked, and the decision regarding which
                  metrics to track rests with management. However, the most important metrics can be
                  categorized into the areas shown in Exhibit 8-57. The structure of these categories corresponds closely to the
                  attribute categories of the Supply Chain Operations Reference Digital Standard
                  (SCOR-DS®) framework for
                  performance.

               
               
               
               
                  Exhibit 8-57: Distribution Performance Metrics
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Performance Objective Category

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Description

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Corresponding SCOR DS Attribute

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Relevant SCOR DS Level 1 Metric

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Service

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Create customer
                                       value through agile and flexible operations to configure mix of products
                                       and services. Meet unique customer needs.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Responsiveness

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Customer order fulfillment cycle time

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Fast flow response

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Fulfill the delivery
                                       requirements of each customer in a timely manner by having agile
                                       and flexible channels, driving waste out of processing time, responding
                                       to orders rather than forecasts through lean operations.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Responsiveness

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Customer order fulfillment cycle time

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Reduction of operating variance

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    In a manufacturing
                                       and distribution environment, eliminate variance in any sphere as
                                       it affects productivity.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Reliability

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Perfect customer order fulfillment

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Minimum inventories

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Maintain levels
                                       of inventory necessary to achieve sales and revenue objectives and the
                                       supply chain’s commitment to customer service. Continually reduce inventory
                                       to achieve the lowest cost of logistics. Increase inventory turn
                                       velocity.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Assets

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Cash-to-cash cycle
                                       time

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Transportation reduction

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Use closer interchannel
                                       inventory planning and replenishment, larger shipments over longer
                                       distances for economies of scale, and third-party service providers.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Cost

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Total supply chain management cost

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Quality management

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Prevent defects
                                       such as incorrect inventories, invalid orders, and late shipments,
                                       which require lengthy and costly processes to reverse.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Cost; reliability

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Total supply chain management cost, perfect customer
                                       order fulfillment

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Product life
                                       cycle support

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Meet regulatory
                                       requirements and consumer expectations for handling, or reverse
                                       logistics, of the challenges posed by product recalls and returns
                                       as well as recycling and refurbishment.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Agility

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Supply chain agility

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               

            
            

         
         
         
         
            
            
            Distribution System Performance
               Measures

            
            
            
            
               
               
               Performance measurements
                  can be divided into four areas that are associated with the overall
                  objectives of distribution: customer service, distribution efficiency (warehouse
                  operations and transportation), inventory management, and overall network
                  performance.

               
               

            
            
            
            
               
               
               Customer
                  Service

               
               
               
               
                  
                  
                  High levels of customer
                     service depend on the coordination of supply chain activities, and
                     distribution is just one link in the chain. Distribution’s contribution
                     to the customer service objectives of an organization’s order delivery
                     performance can be measured by its role in the

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Percentage of
                           orders completely satisfied from stock

                        
                        

                     
                     
                     
                     	
                        
                        
                        Percentage of units required filled from
                           stock

                        
                        

                     
                     
                     
                     	
                        
                        
                        Percentage of units required delivered on time (on
                           time schedule performance)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Percentage of orders delivered per original
                           customer commit date (reliability of lead time
                           from order placement to delivery) 

                        
                        

                     
                     
                     
                     	
                        
                        
                        Percentage of item stockouts

                        
                        

                     
                     
                     
                     	
                        
                        
                        Percentage of stock cycles without shortages

                        
                        

                     
                     
                     
                     	
                        
                        
                        Percentage of months without stockouts.

                        
                        

                     
                     

                  
                  
                  
                  These measures
                     help both the supplier and the customer evaluate customer service and
                     satisfaction from the customer’s point of view, particularly if
                     a formal scorecard system is used. From the supplier’s standpoint,
                     the measures indicate the distribution system’s ability to maintain
                     adequate levels of stock through effective replenishment planning.
                     Maintaining targeted levels is a critical success factor for distribution requirements
                     planning (DRP) so that inventory investment stays at the minimum level
                     required for the given level of customer service.

                  
                  
                  
                  These measures,
                     as a group, indicate how well DRP is doing and how reliable it is
                     at ensuring that adequate quantities of the right quality of product
                     are available at the right time and the right place. Some of these
                     measures also apply to the efficiency of warehousing and transportation
                     operations.

                  
                  

               
               

            
            
            
            
               
               
               Distribution
                  Efficiency

               
               
               
               
                  
                  
                  Distribution
                     efficiency tracks the use of distribution resources such as transportation and
                     warehousing. The goal is to minimize the total of all distribution
                     costs such as land, transportation, wages, physical infrastructure,
                     overhead, and inventory.

                  
                  
                  
                  Distribution efficiency performance measures
                     are often divided into two categories: warehouse and transportation
                     management.

                  
                  
                  
                  Performance
                     metrics can measure a distribution center’s overall effectiveness,
                     quality, and productivity. Exhibit 8-58 describes
                     measurements associated with warehouse operations.

                  
                  
                  
                  
                     Exhibit 8-58: Warehouse Operations Performance Measures
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Measure

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Description (Examples)

                                       
                                       
                                    
                                    

                                 
                                 
                              
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Throughput percent

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Volume of product
                                          storage and retrieval per unit of time against planned

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Order filling
                                          percent

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Lines and orders
                                          filled without error; orders filled on time

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Shipping accuracy percent

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Lines packed
                                          accurately; orders packed completely; orders packed and shipped
                                          on time; incidence of packing damage

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Inventory record accuracy
                                          percent

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Percent deviation
                                          of recorded inventory from counted inventory (target values are
                                          usually 95% to 99%, depending on the value of the item); use of
                                          cycle counting is recommended

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Storage utilization percent

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Actual utilization
                                          versus available capacity; ratio of cubic storage capacity of storage
                                          space divided by total cubic volume of portion of building occupied
                                          by storage

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                  
                  
                  
                  Most
                     performance measurements for warehouse operations are focused on decreasing
                     costs and variances in performance and increasing levels of reliability, flexibility,
                     and responsiveness. There are primarily three performance measurement objectives
                     for warehouse operations:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Providing the quantitative basis for performance
                           standards for warehouse activities

                        
                        

                     
                     
                     
                     	
                        
                        
                        Tracking performance against standards

                        
                        

                     
                     
                     
                     	
                        
                        
                        Identifying problems

                        
                        

                     
                     

                  
                  
                  
                  As a result of
                     measuring the performance of warehouse operations and analyzing
                     the data, organizations can gain control of significant variances
                     in key warehouse activities. They can also improve productivity
                     by making employees aware of the performance standards for order
                     fill, throughput, and shipping accuracy.

                  
                  
                  
                  The second area that influences distribution
                     efficiency is transportation management. Effective performance metrics
                     enable transportation managers to analyze regions for increased
                     productivity and competitive advantage. Managers should divide transportation
                     performance measurements into those services performed by company-owned
                     equipment and those purchased from for-hire carriers.

                  
                  
                  
                  If the organization
                     decides to own and operate its own fleet, it is concerned with measures
                     such as those shown in Exhibit 8-59.

                  
                  
                  
                  
                     Exhibit 8-59: Transportation Measures
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Measure

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Description (Examples)

                                       
                                       
                                    
                                    

                                 
                                 
                              
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Shipping cost factors

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Cost per ton-mile;
                                          average length of haul; percent less-than-truckload and truckload
                                          versus plan; average weight of haul

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Mix of transport modes

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Actual percentage
                                          of spending by transport modes versus budgeted (land, sea, air)

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Equipment utilization

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Empty backhaul
                                          mileage percent; second- and third-shift vehicle utilization percent;
                                          miles per trailer

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Routing efficiency

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Changes over
                                          time for customer stops per local driver hour; mileage and time
                                          incurred for standard routes

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Labor efficiency

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Ton-miles per
                                          driver hour worked; weight handled per employee hour

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Other costs

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Changes over
                                          time for total vehicle operating costs, fuel costs per mile, cargo
                                          insurance, etc.

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                  
                  
                  
                  If the organization decides to contract with
                     transportation services, it is concerned with shipping cost factors and the mix of
                     transport modes as well, along with the following:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        On-time delivery—the number of shipments
                           delivered in a timely manner

                        
                        

                     
                     
                     
                     	
                        
                        
                        Quality of service—the ability of shipments
                           to meet customer expectations

                        
                        

                     
                     
                     
                     	
                        
                        
                        On-time loading—the number of times vehicles
                           arrived at a location at the scheduled appointment time

                        
                        

                     
                     
                     
                     	
                        
                        
                        Delivery consistency—the comparison of
                           promised delivery times with actual delivery times

                        
                        

                     
                     
                     
                     	
                        
                        
                        Claims for loss and damage—the comparison
                           of the number of claims against the number of actual deliveries

                        
                        

                     
                     
                     
                     	
                        
                        
                        Freight bill accuracy—the comparison of
                           the number of accurate freight bills against the total number of
                           freight bills

                        
                        

                     
                     

                  
                  
                  
                  The transportation manager is often challenged by a lack of
                     information. For example, if transportation managers do not have visibility of
                     future shipping requirements, how can they manage costs? How can they recognize the
                     full advantage of rate structures despite being asked to ship in smaller quantities
                     or partial loads? If transportation managers are given a full view of not only the
                     current shipping requirements but also future requirements, as with a DRP system,
                     then they can develop the most cost-effective transportation plan.

                  
                  

               
               

            
            
            
            
               
               
               Total Distribution Network Metrics

               
               
               
               
                  
                  
                  The following are examples of strategic
                     metrics related to the total distribution network.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Total supply chain management cost—fixed and variable costs
                           for distribution centers, inbound and outbound transportation, and
                           inventory

                        
                        

                     
                     
                     
                     	
                        
                        
                        Service
                           level of network—aggregate levels of lead times met and number of perfect
                           orders

                        
                        

                     
                     
                     
                     	
                        
                        
                        Total cost to customer service—total supply chain
                           management cost compared to targeted versus achieved level of customer
                           service

                        
                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Providers of Feedback

            
            
            
            
               
               
               Many types of performance measurements involve
                  facts and figures that can be generated from the distribution requirements planning
                  system and other sources of historical data. There is one other critical area that
                  is used to measure performance and provide feedback: customers. Successfully
                  gathering and using customer feedback is a must for any organization looking to
                  satisfy actual demand as it changes over time. Feedback guides and informs the
                  organization’s decision making and influences its product overview.

               
               
               
               Two groups of customers can provide valuable
                  feedback regarding distribution performance:

               
               
               
               
                  
                  
                  	
                     
                     
                     Business or
                        internal supply chain customers

                     
                     

                  
                  
                  
                  	
                     
                     
                     End
                        consumers

                     
                     

                  
                  

               
               
               
               Business or internal supply chain
                  customers could include suppliers, integrators, distributors, and retailers. These
                  groups are primarily adding value to the product or service and then moving it to
                  the end consumer.

               
               
               
               The second group consists of consumers at the termination of the
                  supply chain, and this is called the voice of the customer. Depending on its network
                  distribution model, the organization may or may not have direct access to the end
                  consumer.

               
               
               
               Before an organization begins collecting
                  feedback from these two customer groups, it needs to make sure that it has clearly
                  defined why it is seeking feedback. Outlining the process—as well as the desired
                  outcomes—is essential for gathering feedback; otherwise, the organization may be
                  blindly asking for feedback that will only muddy its understanding of its customers.
                  Before beginning, consider

               
               
               
               
                  
                  
                  	
                     
                     
                     What part of
                        the experience does the organization want to improve?

                     
                     

                  
                  
                  
                  	
                     
                     
                     What will the
                        organization do with the data collected?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Which data
                        collection method works best to accomplish these goals?

                     
                     

                  
                  

               
               
               
               Exhibit 8-60 describes some data collection methods. The term “customer”
                  is used generically to describe business or internal supply chain customers and end
                  consumers.

               
               
               
               
                  Exhibit 8-60: Data Collection Methods
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Method

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Description

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Email and
                                       contact forms

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Organizations
                                       can either email customers directly or provide them with
                                       an email address. If this method is used, the
                                       organization should be prepared to

                                    
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Assure customers of a speedy
                                             reply to their email

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Create an organized customer
                                             feedback system

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Send follow-up emails regarding
                                             issue disposition.

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Feedback
                                       surveys

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Crafting a
                                       useful survey is challenging. There are many potential
                                       questions that could be asked, and organizations need to
                                       be careful in their approach. When creating surveys, it
                                       is important to remember the following:

                                    
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Ask only questions that fulfill
                                             the organization’s end goal.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Ask one
                                             question at a time.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Include some rating-scale
                                             questions and some open-ended questions.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Make rating scales
                                             consistent.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Avoid leading or loaded
                                             questions.

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Interviews/focus groups

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Interviews
                                       are usually conducted one on one; focus groups are
                                       usually with small groups of people (five to eight).
                                       These approaches are time-intensive. However, this
                                       direct outreach can also help fill in some gaps that
                                       less-personal forms of feedback tend to
                                       create.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Social
                                       media

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Social media
                                       can prove particularly useful for gathering candid
                                       feedback from customers. This can be accomplished
                                       through reviewing social media posts on places such as
                                       Facebook or LinkedIn, or the organization can post a
                                       quick poll to solicit feedback directly. It is a best
                                       practice to respond to solicited or unsolicited feedback
                                       within social media.

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               
               
               Many types of feedback described in the exhibit
                  can be generically described as unstructured data. While structured data is
                  formatted to be usable by information systems, unstructured data needs significant
                  formatting to be used by information systems. Unstructured data can be used in
                  decision making but may require more effort and time to digest. A good example of
                  both types is a survey with some scaled answers and some open questions. The scaled
                  answers are structured data that can be compiled in an information system. An
                  average result from all respondents can be found. The open questions are
                  unstructured data and need to be read and key points summarized. While this was
                  formerly a manual process, AI is able to speed up this process considerably.

               
               
               
               Distribution performance expectations can
                  vary depending on the type of service being provided to an end consumer. For
                  example, with make-to-stock or assemble-to-order customers, the expectation is that
                  the item is in stock (or a configurable item’s components are in stock). Common
                  measurements of service for make-to-stock organizations are

               
               
               
               
                  
                  
                  	
                     
                     
                     Percent of
                        items demanded in a period that were fulfilled from stock

                     
                     

                  
                  
                  
                  	
                     
                     
                     Percent of
                        demand satisfied from stock during the reorder cycle (This gives the
                        organization an idea of exposure to stockouts.)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Percent of
                        line items in an individual customer order that have been filled out of
                        inventory

                     
                     

                  
                  
                  
                  	
                     
                     
                     Percent of
                        customers for whom all line items were filled from inventory.

                     
                     

                  
                  

               
               
               
               For engineer- or make-to-order customers,
                  the service expectations revolve around two questions:

               
               
               
               
                  
                  
                  	
                     
                     
                     Did the
                        organization meet or not meet the promised delivery date?

                     
                     

                  
                  
                  
                  	
                     
                     
                     What was the
                        time from order placement until order delivery (including manufacturing and
                        finishing lead time)?

                     
                     

                  
                  

               
               
               
               A fierce commitment to gathering,
                  organizing, and using customer feedback plays an important role in pushing both
                  products and the organization forward.

               
               

            
            
            
            
               
               
               Using Customer Feedback

               
               
               
               
                  
                  
                  Satisfied customers
                     are the lifeline to the future for organizations. There are times when
                     customer feedback can be used to redesign, reengineer, or rethink
                     processes and key areas of manufacturing and the supply chain to
                     better meet evolving customer needs and expectations, giving the
                     firm a competitive edge.

                  
                  
                  
                  The best organizations are using customer
                     feedback to create loyalty and gain a competitive advantage by listening
                     to the customer experience. One of the more common methods for measuring
                     and improving the distribution planning process using customer feedback
                     is reexamining the metrics for customer service. Customer service
                     measures can focus on inventory being available when and where the customer
                     requires it or on custom orders being filled within desired customer
                     lead times. This process involves examining

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Fill rates

                        
                        

                     
                     
                     
                     	
                        
                        
                        Average length of time required to satisfy
                           backorders

                        
                        

                     
                     
                     
                     	
                        
                        
                        Percentage of order replenishment cycles
                           in which one or more units are backordered.

                        
                        

                     
                     

                  
                  
                  
                  Analysis of these
                     factors provides insight into the investment required to achieve
                     the desired customer service level.

                  
                  
                  
                  Note that use of customer feedback must
                     be balanced against the costs associated with implementing the desired
                     features.

                  
                  

               
               

            
            

         
         
   
      
         
         
         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 8-47: Bill of Distribution
[image: The diagram illustrates a distribution network consisting of a central supply warehouse, two regional distribution centers (DC A and DC B), and four satellite distribution centers (DC 1, DC 2, DC 3, and DC 4). Go to long description for more details.]
                  
                  
                  The flow of demand moves from the satellite DCs to the
                     regional DCs and then to the central supply warehouse. Conversely, the flow
                     of goods moves from the central supply warehouse to the regional DCs and
                     then to the satellite DCs. This structure ensures efficient distribution and
                     fulfillment of demand across various locations.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-49: DRP Grids Feed to Central Supply and Master Schedule
[image: A detailed table illustrating the flow of Distribution Requirements Planning (DRP) grids feeding into a central supply and master schedule. Go to long description for more details.]
                  
                  
                  This graphic demonstrates how the DRP grids for two distribution centers (DC A and
                     DC
                     B) feed into the central supply and the master schedule.

                  
                  
                  
                  
                     
                     	
                        
                        
                        DC A Table:

                        
                        
                        
                        
                           
                           	
                              
                              Weeks: 1 to 8.

                              

                           
                           
                           	
                              
                              Gross Requirements: Week 7 shows 300 units.

                              

                           
                           
                           	
                              
                              Scheduled Receipts: None listed.

                              

                           
                           
                           	
                              
                              Projected Available Balance: Starts at 170 units and remains steady
                                 until week 7, where it adjusts to 270 units after gross requirements.

                              

                           
                           
                           	
                              
                              Net Requirements: 200 units in week 7.

                              

                           
                           
                           	
                              
                              Planned Order Receipts: 400 units in week 7.

                              

                           
                           
                           	
                              
                              Planned Order Releases: 400 units in week 6, accounting for the lead
                                 time.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        DC B Table:

                        
                        
                        
                        
                           
                           	
                              
                              Weeks: 1 to 8.

                              

                           
                           
                           	
                              
                              Gross Requirements: Week 8 shows 500 units.

                              

                           
                           
                           	
                              
                              Scheduled Receipts: None listed.

                              

                           
                           
                           	
                              
                              Projected Available Balance: Starts at 200 units and remains steady
                                 through all weeks.

                              

                           
                           
                           	
                              
                              Net Requirements: 400 units in week 8.

                              

                           
                           
                           	
                              
                              Planned Order Receipts: 500 units in week 8.

                              

                           
                           
                           	
                              
                              Planned Order Releases: 500 units in week 6, accounting for the lead
                                 time.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Central Supply Table:

                        
                        
                        
                        
                           
                           	
                              
                              Weeks: 1 to 8.

                              

                           
                           
                           	
                              
                              Gross Requirements: 900 units in week 6 (sum of planned order releases
                                 from DC A and DC B).

                              

                           
                           
                           	
                              
                              Scheduled Receipts: None listed.

                              

                           
                           
                           	
                              
                              Projected Available Balance: Starts at 500 units and adjusts to 200
                                 starting in week 6, after planned order receipts.

                              

                           
                           
                           	
                              
                              Net Requirements: 600 units in week 6.

                              

                           
                           
                           	
                              
                              Planned Order Receipts: 600 units in week 6.

                              

                           
                           
                           	
                              
                              Planned Order Releases: 600 units in week 3.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Master Schedule Grid:

                        
                        
                        
                        
                           
                           	
                              
                              Weeks: 1 to 6.

                              

                           
                           
                           	
                              
                              Gross Requirements: 600 units in week 3 (planned order releases from
                                 Central Supply Table.

                              

                           
                           
                           	
                              
                              Projected Available Balance: Starts at 0 and adjusts to 200 units
                                 starting in week 3.

                              

                           
                           
                           	
                              
                              Master Production Schedule: 800 units scheduled in week 3.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Summary Table for Lead Time and Safety Stock:

                        
                        
                        
                        
                           
                           	
                              
                              DC A: Lot size of 400 units, lead time of 1 week, safety stock of 70
                                 units.

                              

                           
                           
                           	
                              
                              DC B: Lot size of 500 units, lead time of 2 weeks, safety stock of 100
                                 units.

                              

                           
                           
                           	
                              
                              Central Supply: Lot size of 600 units, lead time of 3 weeks, safety
                                 stock of 200 units.

                              

                           
                           
                           	
                              
                              Master Schedule Grid: Lot size of 800 units, no lead time or safety
                                 stock listed.

                              

                           

                        
                        

                     

                  
                  
                  
                  The arrows illustrate the flow from the distribution centers’ planned order releases
                     feeding into the central supply and master schedule requirements, ensuring the
                     appropriate levels of inventory are maintained across the supply chain.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-53: Simplified Order Cycle Stages With B2B Order and Fulfill Processes
[image: The image outlines the four stages of the order fulfillment process: order transmittal, order processing, order picking and packing, and order delivery. Read long description below.]
                  
                  
                  The process starts with the customer requesting
                     information and placing an order (Stage 1: Order Transmittal). In Stage 2
                     (Order Processing), the order is received and entered into the system,
                     inventory is reserved, and delivery dates are identified, followed by
                     consolidating orders for freight and warehouse picking, planning and
                     building loads, routing shipments, and using the routing guide to select
                     carriers and rates. Stage 3 (Order Picking and Packing) involves picking the
                     reserved product(s) at depot/distribution centers, loading vehicles, and
                     creating shipping documents. Finally, in Stage 4 (Order Delivery), the
                     product order is received and verified at the customer site, potentially
                     installed, and the invoice is processed for payment

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-11: Economic Cost Map
[image: This graphic displays an economic cost map, illustrating three different zones (A, B, and C) with varying cost contours surrounding them. Go to long description for more details.]
                  
                  
                  The economic cost map is a contour map that shows how costs vary
                     across different locations. There are three primary zones (A, B, and C), each
                     representing a different location with distinct costs: Zone A has a center cost of
                     0.80.
                     Zone B has a center cost of 1.00. Zone C has a center cost of 0.90. The dashed contour
                     lines surrounding each zone indicate areas of increasing cost as you move outward
                     from
                     the central point of each zone. For example, moving outward from Zone A, the costs
                     increase to 1.25, 2.25, and 3.25. Similarly, for Zone B and Zone C, the cost also
                     increases as you move further away from the center.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-13: Order Cycle Durations Get More Reliable as More DCs are Added
[image: A line chart illustrating the impact of adding more distribution centers (DCs) on safety stock and order cycle reliability across different order cycle durations. Go to long description for more details.]
                  
                  
                  This line chart shows the effect of increasing the number of distribution centers
                     (DCs)
                     on safety stock requirements and the reliability of order cycles across different
                     durations. The x-axis represents the number of DCs, ranging from 3 to 7. The y-axis
                     shows percentages from 70% to 160%, indicating relative stock or reliability levels.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Safety Stock is depicted by a blue dashed line that trends upward, reaching
                           over 150% as DCs increase.

                        
                        

                     
                     
                     	
                        
                        
                        Order Cycle 1 Day is represented by a dotted line that gradually rises with
                           more DCs.

                        
                        

                     
                     
                     	
                        
                        
                        Order Cycle 2 Days uses a dashed line, showing a mild increase.

                        
                        

                     
                     
                     	
                        
                        
                        Order Cycle 3 Days is illustrated with a solid dark gray line that remains
                           relatively flat across the DC range.

                        
                        

                     
                     
                     	
                        
                        
                        Order Cycle 4 Days is shown by a solid light blue line that stays almost
                           constant, indicating high reliability with minimal variation as more DCs are
                           added.

                        
                        

                     

                  
                  
                  
                  The graph highlights that shorter order cycle durations (1-2 days) see improved
                     reliability as DCs increase, while longer cycles (3-4 days) show more consistent
                     reliability regardless of the number of DCs. This suggests that order cycle durations
                     become more reliable with additional DCs, with a reduced need for adjustments in safety
                     stock.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-14: Total Cost Analysis Based on Number of DCs
[image: A line chart illustrating how various costs and the total cost change with an increasing number of DCs. Total cost initially decreases with more DCs, reaching a minimum point, and then gradually rises again. Go to long description for more details.]
                  
                  
                  The chart displays the relationship between the number of distribution centers (DCs)
                     on
                     the x-axis (ranging from 1 to 14) and the associated costs in thousands of US dollars
                     on
                     the y-axis. Various cost components are represented by different line styles and
                     colors:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Total Cost (solid dark blue line): Shows a U-shaped curve, initially
                           decreasing with the addition of DCs, reaching a minimum point around 6 DCs, and then
                           increasing as more DCs are added.

                        
                        

                     
                     
                     	
                        
                        
                        Primary Transport (dotted black line): Decreases significantly as DCs
                           increase, with the steepest drop between 1 and 4 DCs, then stabilizes.

                        
                        

                     
                     
                     	
                        
                        
                        Fixed Storage Costs (dashed dark blue line): Increases steadily with each
                           additional DC.

                        
                        

                     
                     
                     	
                        
                        
                        Inventory Holding (dash-dot black line): Remains relatively low and flat
                           across all numbers of DCs.

                        
                        

                     
                     
                     	
                        
                        
                        Information Systems Cost (solid gray line): Remains consistently low and
                           stable throughout the range of DCs.

                        
                        

                     
                     
                     	
                        
                        
                        Local Delivery Cost (solid black line): Slightly increases as DCs are added,
                           with a gradual upward slope.

                        
                        

                     
                     
                     	
                        
                        
                        Cost of Lost Customers (dashed light blue line): Decreases as the number of
                           DCs increases, stabilizing after a few DCs.

                        
                        

                     

                  
                  
                  
                  The chart highlights that adding DCs reduces certain costs like primary transport
                     and
                     lost customers, while increasing fixed storage costs and, eventually, the total cost
                     after a certain number of DCs. The optimal cost balance occurs around 6 DCs, where
                     total
                     cost reaches its lowest point before rising with additional DCs.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-21: Cost-Volume Analysis Graph
[image: This cost-volume analysis graph shows the total costs for three different cities — Los Angeles, Seattle, and Denver — based on the number of units sold (in thousands). Go to long description for more details.]
                  
                  
                  This graph represents a cost-volume analysis comparing the total costs of serving
                     different sales volumes from three locations: Los Angeles, Seattle, and Denver. The
                     vertical axis represents total costs in US$ millions, and the horizontal axis represents
                     the units sold (in thousands).

                  
                  
                  
                  
                     
                     	
                        
                        
                        The cost lines for Los Angeles, Seattle, and Denver start from different points,
                           reflecting their initial fixed costs, and increase at different rates based on
                           variable costs per unit.

                        
                        

                     
                     
                     	
                        
                        
                        Seattle starts with the lowest cost curve, meaning it is the least expensive
                           location for serving smaller sales volumes up to approximately 12,000 units
                           sold.

                        
                        

                     
                     
                     	
                        
                        
                        After 12,000 units, Los Angeles becomes the least costly location. The shift in
                           cost leadership occurs because Seattle’s variable costs eventually overtake Los
                           Angeles’s lower per-unit costs as sales volumes increase.

                        
                        

                     
                     
                     	
                        
                        
                        Denver, despite having the lowest cost at very low volumes, becomes the most
                           expensive option as the number of units sold increases.

                        
                        

                     
                     
                     	
                        
                        
                        The circles on the graph at 8,696, 12,000, and 14,815 units indicate specific
                           points where one city overtakes another in cost efficiency. The graph also shows
                           total costs at 26,000 units, highlighting that Los Angeles remains the lowest-cost
                           option at higher volumes.

                        
                        

                     

                  
                  
                  
                  This graph visually illustrates the cost trade-offs at different sales volumes and
                     helps identify the optimal location for minimizing costs based on expected sales
                     levels.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-23: Center-of-Gravity Map
[image: A center-of-gravity grid map of Europe showing X and Y coordinates, with major locations marked as circles. Read long description below.]
                  
                  
                  The X-axis, labeled “X Coordinates,” runs horizontally from 0 to 27,
                     while the Y-axis, labeled “Y Coordinates,” runs vertically from 1 to 19. There are
                     five
                     locations marked as circles, including one filled black circle around the center of
                     Europe. This visual likely represents significant cities or logistical points across
                     Europe within a coordinate system, enabling spatial analysis or optimization.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-8: Logistics Network Design Process
[image: This graphic outlines the logistics network design process in four key steps. Go to long description for more details.]
                  
                  
                  This visual illustrates a four-step process for logistics network
                     design:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Create rationale and urgency for supply chain transformation

                        
                        

                     
                     
                     	
                        
                        
                        Prepare for supply chain transformation

                        
                        
                        
                        
                           
                           	
                              
                              
                              Activities involve:

                              
                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Form a project team and set scope, milestones, and budget.

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Scan the market and identify drivers for change.

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Audit as-is network.

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Assess network alternatives.

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Plan facilities.

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Finalize to-be state.

                                    
                                    

                                 

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Execute the supply chain transformation

                        
                        
                        
                        
                           
                           	
                              
                              
                              Activities involve:

                              
                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Develop and implement plan as series of projects.

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Disband project teams.

                                    
                                    

                                 

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Review the supply chain transformation

                        
                        

                     

                  
                  
                  
                  Each step is part of a continuous cycle, where reviewing the transformation can lead
                     to
                     further improvements or adjustments, potentially triggering a new cycle. The arrows
                     indicate the flow of steps and feedback loops between certain activities within the
                     preparation and execution stages.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-17: Tradeoff Analysis Results Moving from Three to Five DCs
[image: This bar chart compares total logistics costs between the current and new systems, showing the breakdown of costs associated with moving from three to five distribution centers (DCs). Read long description below.]
                  
                  
                  The image shows a stacked bar chart with two bars, one for the current system and
                     one
                     for the new system. Both bars represent total logistics costs, broken down into five
                     different categories:

                  
                  
                  
                  
                     
                     	
                        
                        DC costs (the dark gray section at the bottom).

                        

                     
                     
                     	
                        
                        Inventory holding costs (dark blue section above the DC costs).

                        

                     
                     
                     	
                        
                        Primary transportation costs (light blue section above inventory holding
                           costs).

                        

                     
                     
                     	
                        
                        Local delivery costs (gray section).

                        

                     
                     
                     	
                        
                        Information systems costs (white section at the top).

                        

                     

                  
                  
                  
                  The current system’s total costs are shown as higher than the new system. The new
                     system has slightly increased DC costs but lower inventory holding, primary
                     transportation, and local delivery costs. The chart visually represents the cost
                     tradeoffs when moving from three distribution centers to five, leading to reduced
                     overall logistics costs in the new configuration. Each section of the bar reflects
                     the
                     relative contribution of each cost category to the overall expenses.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-18: Tradeoff of Primary and Local Transport versus Number of DCs
[image: This line graph illustrates the tradeoff between total, primary transportation, and local delivery costs as the number of distribution centers (DCs) increases from 1 to 14. Read long description below.]
                  
                  
                  This graph depicts three cost curves plotted against the number of
                     DCs along the x-axis and cost on the y-axis. 

                  
                  
                  
                  
                     
                     	
                        
                        The solid blue line represents total costs, which decline steeply as the number
                           of DCs increases from 1 to around 4 or 5. After this point, total costs begin to
                           level off, with a slight increase as the number of DCs exceeds 10.

                        

                     
                     
                     	
                        
                        The dashed blue line represents local delivery costs, which decrease consistently
                           as the number of DCs increases. Fewer local deliveries are needed when more DCs are
                           strategically located near customers, hence lowering costs.

                        

                     
                     
                     	
                        
                        The dotted black line represents primary transportation costs, which increase
                           steadily as the number of DCs rises. This reflects the additional transportation
                           required to distribute goods to multiple DCs, as opposed to fewer DCs handling more
                           centralized shipments.

                        

                     

                  
                  
                  
                   The graph demonstrates a tradeoff between primary and local transportation costs.
                     Fewer DCs mean higher local delivery costs but lower primary transportation costs,
                     while
                     more DCs increase primary transportation costs but decrease local delivery costs.
                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-1: Manufacturing Planning and Control
[image: This diagram represents the integration of demand-side activities, strategic and business planning, priority planning, supply-side activities, and production activity control in a manufacturing environment. Go to long description for more details.]
                  
                  
                  The flowchart includes:

                  
                  
                  
                  
                     
                     	
                        
                        Demand-Side Activities: Forecasting, Demand
                           Management, and Distribution Requirements Planning
                           (DRP)

                        

                     
                     
                     	
                        
                        Strategic and Business Planning

                        

                     
                     
                     	
                        
                        Priority Planning: Sales and Operations
                           Planning (S&OP) - Production Plan; Master
                           Scheduling (MS) - Master Production Schedule (MPS);
                           Material Requirements Planning (MRP) - Materials
                           Requirements Plan

                        

                     
                     
                     	
                        
                        Supply-Side Activities: Capacity Planning
                           includes Resource Planning (RP), Rough-Cut Capacity
                           Planning (RCCP), and Capacity Requirements Planning
                           (CRP)

                        

                     
                     
                     	
                        
                        Purchasing

                        

                     
                     
                     	
                        
                        Production Activity Control (PAC): Scheduling,
                           Implementation, and Capacity Control

                        

                     

                  
                  
                  
                  The flow of information between these sections is depicted by
                     arrows, showing how data moves from one planning stage to
                     another, ensuring synchronization across the entire
                     manufacturing process. The chart captures the complexity
                     and interconnectedness of manufacturing planning
                     activities, emphasizing the need for coordinated efforts
                     across various functions to meet production goals
                     effectively.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-2: Network Design Principles
[image: A diagram consisting of three concentric circles, illustrating network design. Read long description below.]
                  
                  
                  The innermost circle is labeled “Local” with an
                     arrow pointing from the text: “Design principles shaping the
                     internal activities of organizations.” The middle circle is
                     labeled “Network” with an arrow pointing from the text: “Design
                     principles guiding collaborative interactions with upstream and
                     downstream suppliers and customers.” The outermost circle is
                     labeled “Global” with an arrow pointing from the text: “Design
                     principles affecting the organization’s relationship to the
                     physical environment and society, including local communities,
                     the workforce, and sustainability.”

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-4: Distribution Channel Structures
[image: A diagram showing three different distribution pathways from Manufacturer to Customer. Go to long description for more details.]
                  
                  
                  The “Direct/internal channel” is a direct arrow
                     from Manufacturer to Customer. The “Exclusive and select
                     channel” includes arrows from Manufacturer to Distributor to
                     Retailer to Customer. The “Complex channel” shows arrows from
                     Manufacturer to Distributor to Retailer to Customer, with a note
                     indicating “Regional distribution centers owned by the
                     manufacturer.”

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-5: Shipping Patterns
[image: Diagram of a freight move from consignor to consignee: local pickup to a terminal, long-haul transport by ship, truck, rail, air, or pipeline to another terminal, then last-mile delivery to the consignee. Go to long description for more details.]
                  
                  
                  The diagram shows a complete transportation movement
                     starting with the consignor on the left and the consignee on the right. A
                     truck performs origin pickup from the consignor to the first terminal. From
                     that terminal, the freight enters the long-haul or main-carriage segment,
                     which may involve ocean vessel, long-haul truck, railcar, airplane, or
                     pipeline. After long-haul transport, freight arrives at a second terminal. A
                     local delivery truck then performs last-mile delivery to the consignee. Text
                     alongside the long-haul portion notes that this stage may include import
                     customs clearance, inland transportation for imports, and warehousing at
                     distribution centers.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-6: Warehousing Adds Value by Enabling TL for Line Hauls
[image: A diagram showing two scenarios for distributing goods from a factory to customers. Read long description below.]
                  
                  
                  The top scenario shows a factory directly shipping
                     less-than-truckload (LTL) shipments to multiple customers. The bottom
                     scenario shows a factory shipping full truckload (TL) shipments to a
                     distribution center (DC), which then handles the LTL shipments to multiple
                     customers. The arrows indicate the flow of goods, with solid arrows for TL
                     and dashed arrows for LTL.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-7: Example Comparing LTL Direct to TL with DC Costs
[image: The table compares the costs of shipping 40,000 tons of goods using two different methods: Less Than Truckload (LTL) Direct and Truckload (TL) with Distribution Center (DC). Read long description below.]
                  
                  
                  For LTL Direct:

                  
                  
                  
                  
                     
                     	
                        
                        
                        The cost per ton is $100.

                        
                        

                     
                     
                     	
                        
                        
                        The total cost is $4,000,000.

                        
                        

                     

                  
                  
                  
                  For TL with DC:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Line haul cost per ton is $50, totaling $2,000,000.

                        
                        

                     
                     
                     	
                        
                        
                        Pickup and delivery cost per ton is $10, totaling $400,000.

                        
                        

                     
                     
                     	
                        
                        
                        DC carrying cost per ton is $12, totaling $480,000.

                        
                        

                     
                     
                     	
                        
                        
                        The total cost for TL with DC is $72 per ton, totaling
                           $2,880,000.

                        
                        

                     

                  
                  
                  
                  The difference in costs between the two methods is $28 per ton, amounting to
                     a total difference of $1,120,000.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-34: Independent Aggregator with e-Business Network
[image: This graphic represents an independent aggregator with e-Business network model. Go to long description for more details.]
                  
                  
                  The diagram illustrates a supply chain model for an independent aggregator with an
                     e-business network. Multiple manufacturers supply products to an independent
                     distributor, who plays a central role in the distribution process. The flow of products
                     is as follows:

                  
                  
                  
                  
                     
                     	
                        
                        
                        To Retailers: The independent distributor sends products to retailers, who
                           then deliver them to customers.

                        
                        

                     
                     
                     	
                        
                        
                        Direct Sales with Delivery: The independent distributor can also sell
                           products directly to customers, managing the delivery process themselves.

                        
                        

                     
                     
                     	
                        
                        
                        Through Local Distributors: The independent distributor may work with local
                           distributors, particularly for slow-moving products. The local distributors then
                           handle the distribution to retailers, or directly to customers through drop
                           shipping.

                        
                        

                     
                     
                     	
                        
                        
                        Drop Shipping: The diagram includes a drop shipping pathway, where products
                           from the local distributor are sent directly to the customer without passing through
                           a retailer.

                        
                        

                     
                     
                     	
                        
                        
                        Order Management: The customers place orders through the e-business network,
                           and these orders are managed by the independent distributor, ensuring that the
                           correct pathway (retailer, direct sales, or drop ship) is followed to fulfill the
                           order.

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-36: Manufacturer Storage with Drop Ship
[image: This graphic represents a manufacturer storage with drop ship model. Go to long description for more details.]
                  
                  
                  The graphic includes the following elements:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Manufacturer (represented on the left)

                        
                        

                     
                     
                     	
                        
                        
                        Distribution Center (DC): Positioned above the retailer

                        
                        

                     
                     
                     	
                        
                        
                        Retailer: Positioned at the center

                        
                        

                     
                     
                     	
                        
                        
                        Customer (on the right)

                        
                        

                     

                  
                  
                  
                  The key flow in this system is:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Orders flow from the customer to the retailer or the DC, then from
                           the retailer and the DC to the manufacturer.

                        
                        

                     
                     
                     	
                        
                        
                        The manufacturer fulfills the order via drop shipping, meaning the
                           manufacturer directly ships the product to the customer.

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-37: Manufacturer Storage with Direct Delivery
[image: This graphic represents a manufacturer storage with direct delivery model. Read long description below.]
                  
                  
                  This graphic represents a manufacturer storage with direct delivery
                     fulfillment model. It shows a simple flow of orders and deliveries between
                     the manufacturer and the customer, without intermediaries like retailers or
                     distribution centers.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Manufacturer: Positioned on the left side.

                        
                        

                     
                     
                     	
                        
                        
                        Order: The customer places an order directly with the manufacturer,
                           as indicated by the arrow from the Customer to the Manufacturer.

                        
                        

                     
                     
                     	
                        
                        
                        Direct Delivery: The manufacturer ships the product directly to the
                           customer, completing the fulfillment process. This is represented by
                           the arrow pointing from the Manufacturer to the Customer.

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-25: Order Channels and Distribution Strategies
[image: This graphic outlines various order fulfillment channels and distribution strategies. Read long description below.]
                  
                  
                  The diagram provides a detailed view of the retail and direct-to-consumer fulfillment
                     processes, highlighting the multiple pathways that can be used to deliver products.
                     The
                     process is broken down into several key components:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Customer Contact Examples:

                        
                        
                        
                        
                           
                           	
                              
                              
                              The diagram shows that customers can interact with the system through an
                                 insourced call center, an outsourced call center, or a website.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Distribution Strategy:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Various fulfillment models are listed, including Integrated, Dedicated,
                                 Outsourced, Direct store delivery, Store, and Flow-through. Each model
                                 represents a different distribution network type for processing and fulfilling
                                 customer orders.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Distribution Center Type:

                        
                        
                        
                        
                           
                           	
                              
                              
                              The diagram categorizes different types of distribution centers (DCs) that can
                                 be used in the fulfillment process:

                              
                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Current Retail DC for all orders for the integrated distribution
                                       strategy

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Dedicated fulfillment center for parcel orders for the dedicated
                                       distribution strategy

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Dedicated distribution center for truckload and less-than-truckload orders
                                       to retailers also for the dedicated distribution strategy

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Truckloads and less-than-truckloads are sent to a third-party DC for the
                                       outsourced distribution strategy and the third-party DC sends truckloads or
                                       less-than-truckloads to retailers

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Supplier/Manufacturer DC for the direct store delivery distribution
                                       strategy sends direct less-than-truckload orders to the retailer

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Retailer picks order and packs the order if it is a parcel for the store
                                       distribution strategy

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Retail DC picks and packs order for the flow-through distribution strategy
                                       and then sends truckloads, less-than-truckloads, and parcels to the
                                       retailer.

                                    
                                    

                                 

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Parcel Carrier:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Once the product leaves the distribution center, it can be delivered through
                                 various channels:

                              
                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Directly via a parcel carrier.

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Through a retail store for local delivery or pickup.

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Directly from the retailer to the customer.

                                    
                                    

                                 

                              
                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-26: Integrated Fulfillment
[image: This graphic represents an integrated fulfillment model. Go to long description for more details.]
                  
                  
                  The diagram displays a supply chain flow starting with a Manufacturer, who sends
                     products to a Manufacturer Distribution Center (DC). From this DC, the products move
                     to
                     an Integrated Retailer DC, which further distributes them to Retailers. The Retailers
                     deliver goods to Customers. The image also highlights that parcels can be sent directly
                     from the Retailer DC to customers, bypassing the retailer, which is a common feature
                     in
                     integrated fulfillment systems.

                  
                  
                  
                  The acronyms TL (Truckload) and LTL (Less Than Truckload) are noted along the supply
                     chain, indicating that different transportation modes are used at various stages to
                     move
                     products between the DCs and Retailers.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-27: Dedicated Fulfillment
[image: This graphic represents a dedicated fulfillment model. Go to long description for more details.]
                  
                  
                  The image begins with a Manufacturer that ships goods to a DC. From there, two paths
                     are illustrated:

                  
                  
                  
                  
                     
                     	
                        
                        
                        The upper part of the diagram shows the Retail Distribution Center receiving
                           products from the DC and distributing them to Retailers, who, in turn, deliver
                           products to Customers. The labels TL (Truckload) and LTL (Less Than Truckload)
                           represent the types of transportation used.

                        
                        

                     
                     
                     	
                        
                        
                        The lower part of the diagram shows the Order Fulfillment Center receiving goods
                           from the DC and shipping them directly to Customers via parcel carriers. This
                           pathway bypasses the retailer and sends parcels directly to individual
                           customers.

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-28: Pool Fulfillment
[image: This graphic represents a pool fulfillment model. Go to long description for more details.]
                  
                  
                  The diagram starts with a Manufacturer sending products to a Manufacturer’s
                     Distribution Center (DC). From there, shipments are sent to a Retailer DC using TL
                     or
                     LTL methods. The shipments continue to a Third-Party Mixing DC, where they are
                     consolidated or split.

                  
                  
                  
                  In the Retailer Pool section (labeled “milk run”), shipments are broken into smaller
                     LTL loads and sent to various Retailers. These retailers then deliver goods to
                     Customers.

                  
                  
                  
                  Some shipments are sent directly from the Third-Party Mixing DC to retailers, combining
                     multiple LTL orders into a Full TL load.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-29: Store Fulfillment
[image: This graphic represents a store fulfillment model. Go to long description for more details.]
                  
                  
                  The key components and flows are as follows:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Manufacturer: Positioned on the far left, the manufacturer ships products to the
                           manufacturer distribution center (DC).

                        
                        

                     
                     
                     	
                        
                        
                        Manufacturer DC: The manufacturer’s distribution center, which receives shipments
                           from the manufacturer and forwards them to the retailer’s distribution center
                           (DC).

                        
                        

                     
                     
                     	
                        
                        
                        Retailer DC: The retailer’s distribution center receives products from the
                           manufacturer’s DC via TL (Truckload) shipping and then ships products to retailers
                           using TL or LTL (Less than Truckload) methods.

                        
                        

                     
                     
                     	
                        
                        
                        Retailer: Acts as the intermediary between the distribution centers and customers.
                           The retailer receives products from the retailer DC and distributes them to
                           customers in different ways (shop in store, pick up online order, or parcels).

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-30: Flow-Through Fulfillment
[image: This graphic represents a flow-through fulfillment model. Go to long description for more details.]
                  
                  
                  This graphic illustrates the flow-through fulfillment model. Here’s the breakdown
                     of
                     the flow:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Manufacturer: Positioned on the far left, the manufacturer produces and ships
                           products to the Manufacturer DC (distribution center).

                        
                        

                     
                     
                     	
                        
                        
                        Manufacturer DC: The manufacturer’s distribution center receives shipments from the
                           manufacturer via TL (Truckload) and then sends the products to the Retailer DC.

                        
                        

                     
                     
                     	
                        
                        
                        Retailer DC: The retailer’s distribution center receives the products from the
                           Manufacturer DC and ships parcels to the Retailer using TL or LTL (Less than
                           Truckload) shipments.

                        
                        

                     
                     
                     	
                        
                        
                        Retailer: The retailer acts as the last intermediary, handling product deliveries
                           through various methods. From here, the products can follow different paths to reach
                           the customer.

                        
                        

                     
                     
                     	
                        
                        
                        Customer: The products can reach the customer via three primary channels: shop in
                           store, pick up online order, or parcels.

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-43: Determining Economic Order Quantity
[image: The image depicts the Economic Order Quantity (EOQ) model, illustrating the relationship between order quantity and annual cost. Read long description below.]
                  
                  
                  It shows three curves: Carrying Cost Curve:
                     Represents the cost of holding inventory, which increases with
                     order quantity. Ordering (or Setup) Cost Curve: Represents the
                     cost of placing orders, which decreases with larger order
                     quantities. Curve for Total Cost of Carrying and Ordering: This
                     curve shows the total cost, which is the sum of carrying and
                     ordering costs. The point where the total cost is minimized is
                     the EOQ, indicated by the intersection of the curves,
                     representing the optimal order quantity that minimizes total
                     costs.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 8-56: RFID Systems
[image: The image illustrates an RFID system for tracking packages. Go to long description for more details.]
                  
                  
                  On the left, there are four items: “RFID tags on packages”
                     shown as tagged boxes, “Trucking packages during transport” shown as a
                     truck, “Monitoring packages in storage” shown as crates, and “Work in
                     process” shown as a series of shapes with arrows. These items are connected
                     via arrows to the middle, which includes a “Communications satellite,”
                     “Cellular” tower, and “RFID reader.” All these are further connected via
                     arrows to the right, which shows a “Secure systems” server.

                  
                  
               
               Go to image in text.
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