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         Module 6: Inventory

         
         
         
         
            
            
            Module 6 includes the following sections:

            
            
            
            
               
               
               	
                  
                  
                  Section A, “Inventory Planning,” focuses on principles and techniques planners
                     use to manage inventory levels so that they will support production needs
                     while meeting the organization’s financial and risk management goals. Topics
                     include inventory goals, types, and policies; centralized versus
                     decentralized systems and risk pooling; and item segmentation (ABC
                     inventory).

                  
                  

               
               
               
               	
                  
                  
                  Section B, “Inventory Costs, Basic Accounting, Costing, and
                     Metrics” covers inventory costs, inventory valuation, inventory metrics, and
                     inventory valuation. It also covers basics of financial statements. It
                     addresses cost classifications and absorption, variable, job order, process,
                     operation, and activity-based costing. Finally we cover cost control,
                     standard costs, and variances.

                  
                  

               
               
               
               	
                  
                  
                  Section C, “Inventory Management,” looks at ensuring that
                     aggregate inventory policies are translated down to specific inventory
                     locations at the item level. Topics include push or pull replenishment (when
                     to order and how much to order), dynamic and fixed ordering techniques that
                     address how much to order (including economic order quantity), setting
                     safety stock levels, and special inventory.

                  
                  

               
               
               
               	
                  
                  
                  Section D, “Inventory Control,” covers inventory storage,
                     flow, and handling options. It addresses how to keep accurate records of
                     inventory levels.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Section A: Inventory Planning

         
         
         
         
            
            
            
               After completing this section,
                  students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Describe the role
                     that inventory plays in manufacturing and distribution

                  
                  

               
               
               
               	
                  
                  
                  List goals of
                     inventory management

                  
                  

               
               
               
               	
                  
                  
                  Calculate target inventory levels to support given
                     service and financial goals 

                  
                  
                  
                  
                     
                     	
                        
                        
                        Understand tradeoffs in stocking levels, customer
                           service, environmental impact, and inventory
                           accuracy targets 

                        
                        

                     
                     
                     	
                        
                        
                        Understand centralized versus decentralized
                           inventory management strategies and define the
                           risk pooling strategy in inventory management

                        
                        

                     
                     
                     	
                        
                        
                        Evaluate the impact of sourcing risks on
                           planning decisions 

                        
                        

                     

                  
                  

               
               
               
               	
                  
                  
                  Define and
                     differentiate between pull and push systems

                  
                  

               
               
               
               	
                  
                  
                  Understand the
                     types and classifications of inventory 

                  
                  

               
               
               
               	
                  
                  
                  Explain the
                     functions of inventory, including buffering against
                     fluctuations in supply and demand and creating
                     economic advantages

                  
                  

               
               
               
               	
                  
                  
                  Describe the way
                     classifications may change over the life span of inventory

                  
                  

               
               
               
               	
                  
                  
                  Provide examples of
                     the use of inventory in service industries

                  
                  

               
               
               
               	
                  
                  
                  Distinguish between
                     the focuses of aggregate and itemized inventory policies

                  
                  

               
               
               
               	
                  
                  
                  Understand item
                     segmentation. 

                  
                  

               
               

            
            
            
            This section discusses the purposes and goals of inventory,
               inventory types, and aggregate inventory policy and item-level control. This
               includes the goals, metrics, and risks affecting inventory management as a whole,
               plus a discussion of a key aggregate policy, control down to the item or SKU level,
               and item segmentation (including ABC classification of inventory and special classes
               of inventory).

            
            

         
         
         
         
   
      
         
         
         
         Purposes
            and Goals of Inventory

         
         
         
         
            
            
            Here we show
               how maintaining inventory represents an opportunity cost. The need for
               and purposes of inventory are also addressed. After that we look
               at the conflicting goals of minimizing inventory while maximizing
               production efficiency. A balance is needed.

            
            

         
         
         
         
         
            
            
            Inventory and
               Inventory Management

            
            
            
            
               
               
               The ASCM Supply Chain
                     Dictionary defines inventory as:

               
               
               
               
                  
                  
                     Items or stock used to support production (raw materials and work in process (WIP)
                        items), supporting activities (maintenance, repair, and operating supplies), and customer
                        service (finished goods and spare parts). Demand for inventory may be dependent or
                        independent. Inventory functions are anticipation, hedge, cycle (lot size), fluctuation
                        (safety, buffer, or reserve), transportation (pipeline), and service parts. Total
                        inventory value is represented as a current asset on an organization's balance sheet.
                     

                  

               
               
               
               Inventory is fed
                  into production, and different types of inventory are produced as
                  a result. Production and inventory management are inseparable, and
                  they need to be managed together during each phase of manufacturing
                  planning and control.

               
               
               
               The ASCM Supply Chain
                     Dictionary defines inventory management as: “The area of business management concerned with planning and controlling inventories,
                     such as warehouse and material handling processes.” Inventory management takes place at two levels: aggregate and item.

               
               
               
               According to the ASCM Supply Chain Dictionary,
                  aggregate inventory management focuses on: “Establishing the overall
                     level (dollar value) of inventory desired and implementing controls to achieve this
                     goal.”

               
               
               
               Aggregate inventory management is part of
                  longer-term planning, for example, strategic planning, manufacturing business
                  planning, sales and operations planning, and production planning. It is concerned
                  with overall categories of inventory in the aggregate based on their financial
                  value, such as the value of all raw materials. Aggregate inventory management
                  studies how inventory flows through production, how it is used to balance supply
                  with demand, and the functions that it is used to perform. Inventory impacts
                  customer service levels (in that it can prevent stockouts) as well as the efficiency
                  of operations (in that it can prevent plant shutdowns). However, these functions are
                  provided at a cost. Inventory objectives are set at this aggregate level to ensure
                  that inventory supports the organization’s strategy and that the benefits of
                  carrying inventory are worth the costs.

               
               
               
               Item inventory management and related policies and controls can be described as
                  inventory control. The ASCM Supply Chain
                     Dictionary defines inventory control as: “The activities and techniques of maintaining the desired levels of items, whether
                     raw materials, work in process (WIP), or finished products and storing them properly
                     to enable effective tracking and ensure their usable condition. Syn.: material control.”

               
               
               
               Item inventory management translates
                  aggregate inventory policies into specific inventory control decisions at specific
                  inventory locations. This includes calculating desired levels of cycle stock
                  (primary inventory) and safety stock per inventory item type as well as how and when
                  to replenish this inventory, such as by push or pull replenishment (when to order).
                  This can involve using dynamic and fixed ordering techniques that address how much
                  to order (including economic order quantity). It also includes inventory accuracy
                  and inventory tracking.

               
               

            
            
            
            
               
               
               Importance of Inventory

               
               
               
               
                  
                  
                  Managing
                     inventory levels is essential, because inventory represents a huge investment of
                     money that is not returned until the units are sold. According to Chapman et al. in
                     Introduction to Materials Management,
                     inventory represents between 20 and 60 percent of all assets on an organization’s
                     books. Converting inventory into sales (plus sales of services) accounts for most
                     of
                     an organization’s future revenue. In this respect, inventory represents future
                     value. However, it also represents present costs. And these costs include
                     opportunity costs—the value that the money invested in inventory could have produced
                     if it had been invested in other value-producing activities. Opportunity costs grow
                     larger the longer it takes to turn over inventory (convert it back to cash).

                  
                  
                  
                  In addition to the
                     money tied up until items are sold, inventory has a carrying cost,
                     or a cost for the warehouses and staff and other expenses. It also
                     may spoil, shrink, or become obsolete. Therefore, organizations
                     want to make and sell inventory as quickly as possible.

                  
                  
                  
                  Inventory must be planned and controlled as both an opportunity and a risk. It
                     must be managed to ensure its availability to supply customer demand and production
                     needs while minimizing the costs and risks of acquiring and holding it. Management
                     must provide appropriate visibility and accountability.

                  
                  

               
               

            
            
            
            
               
               
               Purposes of Inventory and Inventory
                  Management

               
               
               
               
                  
                  
                  Inventory management
                     supports the priorities of having the necessary items in the correct
                     amounts at the correct time while keeping the level within a target
                     range to ensure that inventory cost goals are met.

                  
                  
                  
                  At the sales and operations planning and
                     master planning levels, inventory is used to satisfy customer demand:
                     finished goods and spare parts. At the material requirements planning
                     level, inventory is needed to support production. Another inventory
                     type is inventory in the distribution network.

                  
                  
                  
                  Having inventory helps
                     address the basic problem that supply rarely matches demand accurately—in
                     terms of both volume and timing. Inventory can protect organizations against
                     some of the risks of this reality. The purposes of inventory management
                     can include the following:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Better customer service.
                           Internal and external customers receive better service because supplies and
                           goods are provided more dependably. Orders are filled promptly. There are
                           few backorders, canceled orders, or missed sales. Internal customers know
                           they will have the quantity of materials or components they need to proceed;
                           external customers can rely on a product’s availability. A key area for
                           improving customer service is to fine-tune decoupling points, in particular,
                           the customer order decoupling point.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Greater operating
                              efficiency. A production sequence includes multiple operations that
                           often have different output rates. Inventory can be accumulated between
                           operations to accommodate these differences.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Longer production runs. Having
                           sufficient inventory allows a production line to run with less interruption,
                           and it reduces the need to switch over to other lines. This reduces
                           costly setups and lost production; it also increases capacity utilization.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Higher-volume purchases. Operations
                           is able to take advantage of buying in greater volumes than current
                           demand requires. Bulk purchase discounts and savings related to
                           fewer shipments may lower purchasing/transportation costs but increase
                           inventory carrying costs. If the cost of direct materials is lower overall,
                           this will reduce production costs and the cost of goods sold.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Optimal inventory
                              investment. The organization’s inventory
                              investment is defined in the ASCM
                              Supply Chain Dictionary as: “The monies consumed for inventory assets currently on hand. See: inventory valuation.” Excess inventory does not accumulate between points in the value chain.
                           Instead, it is converted into revenue. Inventory costs are minimized through
                           calculating and staying within desired inventory levels at each point and
                           more efficient ordering. The organization can maintain its goals related to
                           profitability.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Better sustainability. Inventory
                           policy can align with organizational sustainability objectives by
                           avoiding excess inventory that may otherwise enter the waste stream
                           if it becomes obsolete.

                        
                        

                     
                     

                  
                  
                  

               
               

            
            

         
         
         
         
            
            
            Inventory Targets

            
            
            
            
               
               
               Key objectives of inventory holding at the aggregate level
                  include: 

               
               
               
               
                  
                  
                  	
                     
                     
                     Minimize total inventories. For most organizations,
                        holding current assets in the form of inventory is a necessary cost of doing
                        business. Inventory assets are purchased and/or transformed by reducing cash
                        (a more liquid asset) or increasing liabilities, both of which are to be
                        minimized. Inventory holding cost is an estimate of the ongoing cost of
                        holding this inventory. Reducing inventory holding costs directly increases
                        profit.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Maximize production efficiency. Production efficiency can be enabled,
                        for example, by long production runs and by preventing stockouts of key
                        materials for production.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Meet targeted levels of customer service. Inventory can help meet
                        targeted levels of customer service by providing the required type and
                        quantity of inventory to the customer within what the customer considers to
                        be an acceptable lead time, including keeping order lead time and quantity
                        promises.

                     
                     

                  
                  

               
               
               
               Exhibit 6-1 shows how these inventory objectives, plus another
                  manufacturing objective, maintaining desired agility, create tradeoffs that need to
                  be balanced. Agility is about changing capacity as needed within an acceptable cost
                  and time frame. Maximizing production efficiency and/or inventory holding could
                  reduce agility.

               
               
               
               
                  Exhibit 6-1: Aggregate Inventory and Manufacturing Tradeoffs[image: A balanced scale compares two objectives: on the left, minimizing inventory investment and maintaining agility; on the right, providing targeted customer service levels and maximizing production efficiency.]
               
               
               
               
               Note how on one side are reasons not to hold inventory, and on the other side are
                  reasons to hold inventory. Each organization’s
                  strategy will shape how much priority is placed on each of these conflicting
                  objectives and how the organization balances the tradeoffs among these
                  objectives.

               
               

            
            
            
            
               
               
               Inventory Investment versus Customer Service and
                  Efficiency

               
               
               
               
                  
                  
                  The total investment
                     in inventory can be viewed from several different perspectives, and
                     which perspective the organization takes can result in very different
                     decisions related to how to work toward the goal of minimizing inventory
                     investment. Within the organization, in addition to finance, purchasing
                     may have an incentive to push for minimum inventory levels, depending
                     on performance measures. Measures may include minimizing inventory
                     costs overall or minimizing the cost per unit. Minimizing the cost
                     per unit will provide incentive to order in bulk to reduce various costs,
                     but this will tend to increase overall inventory and thus inventory
                     carrying costs.

                  
                  
                  
                  Minimizing inventories can have customer service implications. Missed sales or
                     backorders can reduce revenue and harm customer perceptions of reliability. This can
                     be a customer buying nothing, or a substitute if there is a stockout or too long of
                     a lead time for the customer. Even when inventory is replenished carefully at low
                     levels, the customer may have wanted, say, two or more items, but only one is ever
                     stocked on the shelves to minimize inventory holding costs, which results in a
                     missed sale. In a manufacturing plant, too low of inventory levels could result in
                     a
                     plant shutting down or at least a product being put on backorder due to a part
                     shortage.

                  
                  
                  
                  From the perspective of the entire organization, the
                     incentive may be to minimize inventories at the expense of others in the supply
                     chain. An assemble-to-order organization, for example, might order components only
                     in response to customer orders while requiring suppliers to maintain inventories
                     ready for fast delivery. This will increase the organization’s agility but suppliers
                     may need to hold inventory of components not in demand. Such practices help the
                     organization’s finances look good to investors, but they may mean that more
                     inventory is held overall in the supply chain. (Inventory is held in smaller lots
                     but in more places upstream, so total inventory—and thus inventory cost—is
                     higher.)

                  
                  
                  
                  Other organizations, including those that use lean
                     practices, take the perspective of total supply chain inventory investment. When
                     viewing inventory across the supply chain, stores of inventories at any point add
                     to
                     total costs, thus increasing the final price of the product. Organizations that take
                     a supply chain view of inventory work to reduce all inventories so the price of the
                     final product can be lower and overall sales higher. Lean organizations work to both
                     minimize inventories and maintain high agility.

                  
                  

               
               

            
            
            
            
               
               
               Manufacturing Efficiency versus Cost and
                  Agility

               
               
               
               
                  
                  
                  Manufacturing efficiency is about managing the flow of
                     materials into, through, and out of the production process. Materials management and
                     purchasing may have performance incentives to ensure that production flows smoothly,
                     with no stoppages or over- or undercapacity. (Overcapacity is an opportunity cost
                     because idle staff and equipment cost money but are not producing anything.)
                     Organizations can use inventories to maximize manufacturing efficiency in several
                     ways.

                  
                  
                  
                  Inventory can decouple supply from demand at
                     the supply chain level by, for example, allowing raw materials to be pulled from
                     inventory rather than relying on order lead times, or by maintaining inventories of
                     finished goods rather than producing based on actual orders.

                  
                  
                  
                  Inventories are also used to enable level
                     production. Building the same amount in each period results in high inventories in
                     periods of low demand but increases manufacturing efficiency. Leveling can improve
                     manufacturing efficiency by

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Lowering or eliminating overtime or subcontracting,

                        
                        

                     
                     
                     
                     	
                        
                        
                        Reducing the need for expensive excess capacity,

                        
                        

                     
                     
                     
                     	
                        
                        
                        Reducing longer-term staffing costs such as hiring, layoffs, and
                           training.

                        
                        

                     
                     

                  
                  
                  
                  Another way to increase manufacturing
                     efficiency is to have long production runs with few changeovers, which results in
                     higher levels of inventory since more units of a particular type will need to be
                     made than are in demand right away. Long production runs lower setup costs overall
                     and thus the per-unit cost related to setups, because the one-time setup cost is
                     spread over more units. Also, more units overall can be run because more time is
                     spent producing units and less is spent on changeovers. On an annual basis, the
                     number of units produced can be significantly higher. Minimizing the number of
                     setups or reducing setup times (consistent with lean methods) is an approach to
                     maximize the output of bottleneck work centers.

                  
                  
                  
                  A tradeoff of long production runs with few setups is that long runs can harm
                     customer service because some units will need to wait to be produced. This means
                     lead times will be longer for some customers. Also, units of other items that are
                     not being produced at that time will need to be in inventory to satisfy demand.
                     Therefore, producing longer runs and holding inventories reduces agility. The lean
                     philosophy is to produce just what is needed to fulfill demand, and so they delay
                     producing final inventory until orders are received. The inventory that is not
                     needed to fulfill orders is waste, plus it is an opportunity cost because what is
                     needed to fulfill demand could have been produced instead. Environments such as
                     assemble to order exist to keep inventory responsive to actual demand.

                  
                  
                  
                  Finally, if purchasing buys raw materials and
                     components in large lots, it decreases ordering costs (fewer orders need to be
                     processed), cost per unit (if there are bulk discounts), and transportation costs
                     (if full truckloads can be ordered). The tradeoff is larger inventories and thus
                     higher carrying cost.

                  
                  

               
               

            
            
            
            
               
               
               Balancing Inventory Objectives

               
               
               
               
                  
                  
                  Balancing inventory objectives starts with the
                     organization’s strategy including its operations strategy. Some strategies will
                     prioritize customer service, and others will prioritize minimizing cost, maximizing
                     efficiency, or being agile. A low-cost provider will maximize production efficiency
                     while a lean organization will seek agility and high levels of customer service
                     while also minimizing inventory cost. 

                  
                  
                  
                  A chase production strategy, for example, will minimize
                     inventories while increasing costs related to high variability in production. This
                     is a good strategy if the benefits exceed the costs relative to other choices: the
                     only good reason to carry inventory is when not carrying it would be more costly
                     overall.

                  
                  
                  
                  A benefit-cost analysis for a given set of strategic
                     priorities would evaluate the benefits of targeted levels of customer service and
                     production efficiency against the costs related to changing production levels
                     (agility) and placing orders, transportation costs, and inventory carrying costs.
                     If
                     there is an alternative that fits with the strategy but has lower inventory levels,
                     these costs and benefits can also be compared. The option with the best value can
                     then be selected. Note that some benefits will be hard to estimate, such as a change
                     in customer loyalty.

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Inventory
            Types and Classifications

         
         
         
         
            
            
            Here we present inventory terminology and classifications of inventory such as
               safety stock or lot-size inventory. What happens to inventory over time and service
               industry inventory are also covered.

            
            

         
         
         
         
         
            
            
            Inventory in the Supply Chain

            
            
            
            
               
               
               The
                  inventory types described here are used in aggregate inventory management
                  to help determine where inventory is accumulating and where it is
                  not. For example, work-in-process inventory might be accumulating
                  during production due to long queues before work centers and long
                  wait times after. Tracking inventories by these categories helps
                  finance determine areas where improvements can be made rather than
                  just summing all inventory no matter where it is in the system.

               
               
               
               Inventory can consist
                  of the following. (Definitions are from the ASCM Supply Chain Dictionary.)

               
               
               
               
                  
                  
                  	
                     
                     Raw material consists of: “Purchased items or extracted materials that
                           are converted via the manufacturing process into components and
                           products.” 

                     
                     
                     
                     These are materials, components, or purchased subassemblies that have not yet
                        undergone any processing by the purchaser. This inventory (e.g., sand,
                        computer chips) exists at the manufacturer’s location as it awaits
                        processing (e.g., the processing of sand into concrete mix, chips onto a
                        circuit board).

                     

                  
                  
                  
                  	
                     
                     
                     Work in process
                           (WIP) is “A good or goods in various stages of completion throughout the plant, including all
                           material from raw material that has been released for initial processing up to completely
                           processed material awaiting final inspection and acceptance as finished goods inventory.
                           Many accounting systems also include the value of semi-finished stock and components
                           in this category. Syn.: in-process inventory.”

                     
                     

                  
                  
                  
                  	
                     
                     
                     Floor stock is “An inventory of inexpensive production parts from which production workers can draw
                           without requisitions. Syn.: bench stock, expensed stock.”

                     
                     
                     
                     Normally, floor stocks are directly consumed as production overhead and then
                        are absorbed when the order is ready and the WIP is deducted.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Semifinished
                           goods are: “Products that have been stored in an
                           uncompleted state and are awaiting final operations that will adapt them to
                           different uses or customer specifications.” 

                     
                     
                     
                     Depending on the type of manufacturing environment, semifinished goods may be
                        decoupled from the manufacturing process sequence to await customer ordering
                        at different points in the process. For example, in an assemble-to-order
                        environment, final assembly may be held until an order is placed. At that
                        point, customer-selected features may be applied, such as modules or colors.
                        WIP inventory may be stored at work centers or in central warehouses.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Finished goods
                           inventory is “The on-hand stock of items on
                           which all manufacturing operations, including final testing, have been
                           completed.”

                     
                     
                     
                     These are items that
                        have been completely processed. They may be held as inventory at
                        the supplier/manufacturer until they are dispatched to the next supplier/manufacturer
                        or to distribution centers, distributors, or retailers. At some
                        point, ownership of the finished goods is transferred between parties
                        and the goods become the next party’s inventory.

                     
                     

                  
                  
                  
                  	
                     
                     Distribution
                           inventory is: “Inventory, usually spare parts and
                           finished goods, located in the distribution system (e.g., in warehouses or in
                           transit between warehouses and the consumer).” 

                     
                     
                     
                     This includes inventory in distribution centers (which is accounted for in
                        the organization’s information systems) plus in-transit or pipeline
                        inventory (which may be separately accounted for since it may or may not be
                        counted as being in inventory in the system due to ownership transfers). The
                        term in-transit or pipeline inventory captures just the inventory that is in
                        movement in the supply chain. In a large supply chain, the amounts in
                        transit at any given point can be significant. From an aggregate inventory
                        perspective, the average amount of inventory in transit is effectively being
                        stored in a virtual warehouse. 

                     

                  
                  
                  
                  	
                     
                     Maintenance, repair, and operating (MRO)
                           supplies is defined as: “Items used in support of general operations and maintenance such as maintenance supplies,
                           spare parts, and consumables used in the manufacturing process and supporting operations.
                           See: nonproduction material.” 

                     
                     
                     
                     MRO is held at each stage in the supply chain. The amounts held may be
                        affected by the cost of the items and their criticality. For example, an
                        expensive machine part may be held as inventory if the machine is critical
                        to production and the lead time required to obtain the part is long. In some
                        organizations the operations and maintenance function is responsible for
                        requisitioning and purchasing MRO inventory and maintaining its levels,
                        while in others operations and maintenance will only requisition materials
                        and purchasing will order from approved suppliers.

                     

                  
                  

               
               
               
               Inventory represents value, and it can look different from
                  different perspectives—from how it is transformed over time, to the purpose it
                  serves the organization (as just discussed with service parts), to its position in
                  the supply chain. 

               
               
               
               Exhibit 6-2 shows how
                  inventory is transformed through processing and how its position in the supply chain
                  at or between its various possible echelons (some echelons such as wholesalers may
                  be omitted in a given supply chain) affects its inventory type. The finished goods
                  of suppliers become raw materials to the manufacturer. Since suppliers are often
                  manufacturers in their own right, they will have their own raw materials, WIP,
                  finished goods, floor stocks, MRO, and distribution inventories. Finally, note how
                  finished and semifinished goods now have subtypes: postponement parts (e.g., modules
                  for assemble to order), packaged goods, bulk goods, and service parts for
                  independent demand (service parts for internal use are part of MRO).

               
               
               
               
                  Exhibit 6-2: How Inventory Flows Through Supply Chain[image: Diagram of how inventory types flow through the supply chain from suppliers’ suppliers to retailers. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               The strategic choices related to manufacturing
                  environment, process type, and process layout will impact which types of inventory
                  are likely to accumulate. Project, work center, and batch process types will have
                  more opportunity to accumulate excess WIP inventory than line and continuous process
                  types, simply because these latter methods have a relatively fixed and thus low
                  amount of WIP inventory by their very nature. In assemble-to-order, WIP or
                  semifinished goods might be shipped to distribution centers for final assembly, but
                  accounting would want to decide whether to call this WIP, semifinished goods, or
                  distribution inventory to avoid double-counting any inventory.

               
               
               
               From the perspective
                  of the supply chain and the internal value chain (within a manufacturer),
                  the challenge is to minimize the amount of time inventory spends waiting
                  for the next step. The lean management philosophy examines internal processes
                  to reduce queue or wait times and thereby reduce WIP inventory levels
                  as well as manufacturing lead times.

               
               
               
               This
                  concept applies to in-transit inventory as well. In general, less
                  time spent in transit means lower costs. However, the increased
                  cost of shortening transit time must be factored into the cost equation
                  (e.g., air transportation is very expensive but enables radically
                  shorter lead times).

               
               
               

            
            

         
         
         
         
            
            
            Push and Pull Concepts

            
            
            
            
               
               
               It is important to review the various ways that push
                  and pull can be used in supply chains to help avoid confusion in this area.

               
               
               
               From a supply chain strategy perspective, push systems involve central
                  planning determining the needs of the supply chain network based on forecast data.
                  The
                  forecasts may be based on historical demand from customers and/or orders from supply
                  chain
                  partners such as distribution centers. Issues include the following.

               
               
               
               
                  
                  
                  	
                     
                     
                     Basing forecasts on orders
                        from immediate downstream customers can result in much higher variability than if
                        demand
                        from ultimate customers is used. Such variability (the bullwhip effect) results in
                        greater variances in production batches, excess inventory, and either high safety
                        stocks
                        or high risks of stockouts.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Higher risk of obsolescence
                        as the system cannot react to demand changes quickly.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Poor customer service
                        levels unless demand is very stable.

                     
                     

                  
                  

               
               
               
               In its most extreme form, a pure pull-based supply
                  chain strategy would involve holding no inventory and only responding to specific
                  orders.
                  Such systems require fast information flow, usually directly from the point of sale
                  to the
                  manufacturer. The demand information might be transferred daily, but the orders would
                  still
                  be placed periodically. The daily demand data enable the manufacturer to continuously
                  adjust
                  quantities and mixes, which can shorten lead times and decrease variability and the
                  inventory that would be needed to mitigate that variability. Issues with this method
                  include
                  the following.

               
               
               
               
                  
                  
                  	
                     
                     
                     Demand variability and
                        supply disruptions create high risks of stockouts or backorders of unacceptable
                        duration.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Lead times needed for
                        components may be too long to enable a competitive order promise date.

                     
                     

                  
                  

               
               
               
               Due to tradeoffs between pure push or pure pull systems, a hybrid of
                  push-pull systems is a common solution. These systems enable earlier supply chain
                  stages to
                  operate in a push manner and later stages to be demand-pull. The idea is to enable
                  both
                  efficiency and responsiveness. Make- and assemble-to-order systems push to a certain
                  point
                  and then switch to pull for final differentiation. Earlier stages of make-to-stock
                  goods can
                  start out undifferentiated (raw materials or semifinished goods able to be used in
                  many
                  products) and become more and more differentiated at various stages. Less-differentiated
                  materials can aggregate demand from the multiple sources and reduce variability using
                  a push
                  strategy. Pull can take over when products become more differentiated and demand variability
                  increases.

               
               
               
               The point where push moves to pull is an important
                  inventory decoupling point, but additional decoupling points are created wherever
                  inventory
                  is held. Replenishment of inventory to various supply chain parties can also have
                  a push or
                  pull element. Centralized versus decentralized systems will use push and pull in different
                  ways. Centralized systems may be used for risk pooling. These subjects are addressed
                  next.

               
               

            
            
            
            
               
               
               Push or
                  Pull in Replenishment

               
               
               
               
                  
                  
                  In addition to an overall supply chain context (i.e., what to
                     make and when to make it), push and pull can be applied at the item level to replenishment
                     (who orders and when and how much to order).

                  
                  
                  
                  Pure push replenishment involves central supply determining how much and/or when to
                     send
                     inventory to each party. Push replenishment can ensure that supply is spread out fairly
                     among the various parties but requires partners who are willing to participate in
                     such a
                     system (e.g., subsidiaries).

                  
                  
                  
                  Pure pull
                     replenishment involves each supply chain party determining how much to order and/or
                     when
                     to order independently, and some form of this is often necessary given independent
                     parties. It can create shortages in one area, for example, if other participants are
                     creating hedge inventories due to backorders in the past. However, it also enables
                     use of
                     market-based pricing to ration goods out to customers who want the inventory the
                     most.

                  
                  
                  
                  Most often, replenishment has elements
                     of both push and pull. Systems that send inventory out on a set schedule enable all
                     orders
                     for a particular store or region to be aggregated for delivery, so this is a form
                     of push.
                     However, these systems usually allow specific supply chain partners to determine
                     quantities themselves, which is pull replenishment. Conversely, systems that fix the
                     order
                     quantity but allow the order point to vary enable shipments of a minimum order quantity
                     and/or an economic order quantity, which involves a different form of push to some
                     degree.
                     However, because the party ordering has the ability to order only when there is sufficient
                     need, it has a pull quality.

                  
                  
                  
                  The type of goods
                     being sold can dictate the choice of method chosen, since each has tradeoffs. Grocery
                     stores fix the delivery point, because they have multiple items that all need to be
                     replenished at different rates and a single shipment can consolidate those deliveries.
                     Similarly, products with high shipping costs, such as large or bulky items (e.g.,
                     furniture) need to share delivery costs with other aggregated regional orders. Conversely,
                     when there are multiple shipping options (e.g., package services) or transportation
                     cost
                     is less of a factor for other reasons (such as use of a minimum order quantity), then
                     lead
                     time reduction becomes more important and methods that ship on demand are preferred.

                  
                  
                  
                  The timing of orders is critical since it affects both inventory costs
                     and customer service. If items are ordered too frequently or too soon, average inventory
                     increases and the inventory investment is underperforming. If items are not ordered
                     frequently enough or too late, there will be stockouts that affect customers and
                     sales.

                  
                  
                  
                  Note that the question of when to order applies primarily
                     to items with independent demand. Order timing for items with dependent demand will
                     most
                     likely be addressed by a material requirements planning system.

                  
                  

               
               

            
            
            
            
               
               
               Decoupling

               
               
               
               
                  
                  
                  Decoupling and a related term, decoupling inventory, are defined
                     in the ASCM Supply Chain Dictionary as:

                  
                  
                  
                  
                     
                     Decoupling: 
                        Creating independence between supply and use
                           of material. The process commonly denotes allocating inventory between operations
                           so
                           that fluctuations in the production rate of the supplying operation do not constrain
                           the production or use rates of the next operation.

                     
                     Decoupling
                           inventory: 
                        An amount of inventory maintained
                           between entities in a manufacturing or distribution network to create independence
                           between processes or entities. The objective of decoupling inventory is to disconnect
                           the rate of
                           use from the rate of supply of the item. See: buffer.

                     

                  
                  
                  
                  Decoupling inventories ensures smooth
                     operations by mitigating dependencies between interconnected processes to safeguard
                     against variations in demand or supply. Exhibit 6-3 illustrates the use of decoupling before and after a manufacturer
                     echelon and possibly as work-in-process (WIP) between three manufacturing operations
                     (P1 through P3) in a make-to-stock environment. WIP only
                     provides decoupling when it is intentionally maintained as a buffer between process
                     stages; unintentional queues between process stages are not a type of
                     decoupling.

                  
                  
                  
                  
                     Exhibit 6-3: Example of Production Process and Decoupled Inventory in a Make-to-Stock
                        Environment[image: The diagram illustrates the flow of materials from the supplier to the customer through a manufacturer. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Decoupling points differ by manufacturing environment.
                     Decoupling occurs with raw materials in most types of manufacturing environments.
                     In
                     engineer- or make-to-order environments, raw materials may be the only type of
                     decoupling inventory, if any. Decoupling inventory occurs with components or
                     subassemblies in assemble-to-order environments and with finished goods in
                     make-to-stock environments. The purpose in these cases would be to reduce supply
                     lead times or supply lead time uncertainty. 

                  
                  
                  
                  Within a manufacturing operation, WIP may or may not be considered a type of
                     decoupling depending on its purpose and how it is managed. If the WIP is accumulated
                     just before a constraint point (bottleneck) to ensure that operations always has
                     sufficient input materials, then this WIP is a type of decoupling. Per the theory
                     of
                     constraints, decoupling is especially needed just before constraint points. In
                     addition, WIP could be held as inventory at other points deemed necessary to guard
                     against a prior operation becoming interrupted for some reason (e.g., equipment
                     failure). In that case, the decoupled inventory can be used to keep production in
                     motion. In this case, it is safeguarding variations in supply.

                  
                  

               
               

            
            
            
            
               
               
               Risk Pooling

               
               
               
               
                  
                  
                  Risk pooling is a strategy for managing inventory
                     among multiple locations enabled by centralized inventory planning and decoupling
                     inventory. It is defined in the ASCM Supply Chain
                        Dictionary as:

                  
                  
                  
                  
                     
                     
                        A method often associated with the
                           management of inventory risk. Manufacturers and retailers that experience high
                           variability in demand for their products can pool together common inventory
                           components associated with a broad family of products to buffer the overall burden
                           of having to deploy inventory for each discrete product.
                        

                     

                  
                  
                  
                  In risk pooling, an organization centralizes its inventory.
                     Risk pooling means that demand from multiple sources is aggregated, which reduces
                     variability in demand and improves forecasting. The assumption is that when demand
                     is unexpectedly high in one location, it will rarely be high in the other locations
                     as well. The areas of lower demand tend to balance out the areas of higher demand,
                     which results in overall variability being lower. Centralizing the inventory also
                     helps avoid having the wrong inventory in the wrong place.

                  
                  
                  
                  For example, a manufacturer
                     supplies multiple products through two warehouses to two markets.
                     It must estimate demand variation for each product in each market
                     and allocate average stock and safety stock accordingly. By pooling
                     inventory in a centralized location, the manufacturer lowers the
                     aggregate degree of variation in demand, which lowers the total
                     amount of safety stock and average inventory. If demand is larger
                     for one market, stock can simply be reallocated to that market.
                     In this sense, centralizing supply also increases customer service.

                  
                  
                  
                  In addition to decreasing
                     inventory and the chances of stockouts, centralizing supply tends
                     to decrease carrying costs, since a centralized system has more
                     economies of scale. However, there are factors that can make centralizing
                     or risk pooling less attractive:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        If demand is highly
                           correlated among the markets (with similar variation and patterns
                           in demand), the benefits of centralizing will be smaller.

                        
                        

                     
                     
                     
                     	
                        
                        
                        If
                           centralizing supply increases customer lead time and this is not
                           acceptable to enough customers, it could affect market share and
                           long-term revenue.

                        
                        

                     
                     
                     
                     	
                        
                        
                        If
                           the net effect of inbound and outbound transportation costs (due
                           to longer transportation distances) is increased costs, the analysis
                           may not favor centralizing.

                        
                        

                     
                     

                  
                  
                  
                  
                     Case Study

                     
                        
                        
                        The hotel group applies the risk pooling strategy to inventory
                           that is not brand-specific—for example, basic cleaning supplies and equipment,
                           food and beverage staples. By doing this, it is able to take advantage of volume
                           discounts from suppliers. It puts the inventory at a centrally located warehouse
                           that can serve all of the properties in a country. Each property is informed
                           about changes in lead time so they can order appropriately.

                        
                        

                  
                  
                  

               
               

            
            

         
         
         
         
            
            
            Functions of Inventory

            
            
            
            
               
               
               In addition to analyzing inventory by where it is in the
                  system, organizations justify maintaining inventory (or advocate for its reduction)
                  based on the reason the inventory is being held in the first place. These functions
                  include the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     Cycle stock and lot-size

                     
                     

                  
                  
                  
                  	
                     
                     
                     Decoupling using safety stock or buffers

                     
                     

                  
                  
                  
                  	
                     
                     
                     Anticipation

                     
                     

                  
                  
                  
                  	
                     
                     
                     Seasonal

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hedge

                     
                     

                  
                  
                  
                  	
                     
                     
                     Vendor-managed inventory (VMI) and consignment

                     
                     

                  
                  
                  
                  	
                     
                     
                     In-transit (pipeline)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Service parts

                     
                     

                  
                  
                  
                  	
                     
                     
                     Excess, obsolete, and scrap

                     
                     

                  
                  

               
               
               
               Each of these functions is discussed next.

               
               

            
            
            
            
               
               
               Cycle Stock and Lot-Size

               
               
               
               
                  
                  
                  When items are purchased in large lots
                     to gain quantity and transportation discounts and reduce ordering
                     costs, the inventory build-up is denoted as cycle stock, cycle inventory,
                     or lot-size inventory to indicate the purpose of the build-up. The ASCM Supply Chain Dictionary defines two of these
                     terms as follows:

                  
                  
                  
                  
                     
                     Lot-size inventory: 
                        Inventory that results whenever quantity price discounts, shipping costs, setup costs,
                           or similar considerations make it more economical to purchase or produce in larger
                           lots than are needed for immediate purposes. See: cycle stock.

                     
                     Cycle stock: 
                        The amount of inventory maintained to fulfill demand during an order cycle. The cycle
                           stock depletes gradually as customer orders are fulfilled and is replenished cyclically
                           when orders from suppliers are received. Syn.: cycle inventory. See: lot-size inventory.

                     

                  
                  
                  
                  Lot-size
                     inventory or cycle stock depletes gradually as orders consume the
                     units and then jumps up higher in sawtooth fashion as new shipments
                     are received, repeating cyclically.

                  
                  
                  
                  Lot-size inventory refers to the size of the order a purchaser places. The
                     size of the order is determined in part by demand or to take advantage of volume
                     discounts. Lot sizes may have a minimum order quantity (MOQ), and this may be based
                     on manufacturing and/or transportation economies of scale, such as an economic
                     manufacturing lot size, a full pallet, or a full truckload.

                  
                  

               
               

            
            
            
            
               
               
               Decoupling using Safety Stock and Buffers

               
               
               
               
                  
                  
                  The
                     classification of inventory to serve the purpose of decoupling supply and demand was
                     introduced earlier in this general content area. Two ways that decoupling can be
                     managed include setting and monitoring safety stock levels or inventory buffers. The
                     ASCM Supply Chain Dictionary defines safety
                     stock and related terms:

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

                     
                     Fluctuation
                           inventory: 
                        Inventory that is carried as a cushion to protect against temporary variations in
                           supply and demand. Syn.: fluctuation stock. See: inventory buffer.

                     
                     Inventory buffer: 
                        Inventory used to protect the throughput
                           of an operation or the schedule against the negative effects caused by delays in
                           delivery, quality problems, delivery of an incorrect quantity, and so on. Syn.:
                           inventory cushion. See: fluctuation inventory, safety stock.

                     

                  
                  
                  
                  Safety stock typically refers to raw materials
                     (usually nonperishable), work-in-process (WIP), or finished goods
                     inventory set as the minimum inventory level for a particular stockkeeping
                     location. This is inventory held just in case demand is higher than
                     expected, there is supply disruption or breakdown, a quality problem
                     is discovered, and so on, much like an insurance policy that has
                     a cost but reduces risks to an acceptable level. Note that an increase
                     in demand could either be consumer demand for the supply of finished
                     goods or demand for materials or components by a succeeding process
                     in manufacturing.

                  
                  
                  
                  Having
                     safety stock protects retailers from losing consumer sales because
                     of stockouts, distributors from dissatisfying their retail customers,
                     and manufacturers from losing revenue and customer goodwill as a
                     result of production disruptions or planning errors that delay finishing
                     and shipping goods.

                  
                  
                  
                  Safety
                     stock levels are set by determining a targeted level of customer
                     service and then calculating the amount of safety stock needed to
                     provide that level. Safety stock should not be needed often, but
                     if it is needed only rarely, this is usually a sign that the inventory
                     level is too high at that location. Production might produce more
                     than needed to generate safety stocks.

                  
                  
                  
                  Note that safety stock is sometimes called an inventory
                     buffer because it is a buffer against uncertainty. However, the term buffer is more
                     commonly identified with the theory of constraints, where it serves a very specific
                     purpose that is not related to safety stock. Another use of the term buffer is in
                     demand-driven material requirements planning (DDMRP), where inventory buffer sizes
                     are dynamically monitored and adjusted on a daily basis. Both of these types of
                     buffers are discussed more elsewhere.

                  
                  

               
               

            
            
            
            
               
               
               Anticipation

               
               
               
               
                  
                  
                  The ASCM Supply Chain Dictionary defines anticipation
                        inventories as: “Additional inventory above basic
                        stocking levels to cover projected trends of increasing sales, planned sales
                        promotion programs, seasonal fluctuations, plant shutdowns, and
                        vacations.” Anticipation inventory is accumulated in anticipation of an increase in
                     demand or a reduction in supply. 

                  
                  
                  
                  Purposes include building inventory in anticipation of a
                     new corporate customer, a new product launch, a temporary plant shutdown
                     (e.g., a retrofit), a business move, or a sales promotion. The cost of
                     anticipation inventory is calculated by summing the average inventory level
                     per time bucket and then multiplying this by the inventory carrying
                     cost.

                  
                  

               
               

            
            
            
            
               
               
               Seasonal

               
               
               
               
                  
                  
                  The ASCM Supply Chain Dictionary
                     defines seasonal inventory as: “Inventory built up to smooth
                        production in anticipation of a peak seasonal demand. Syn.: seasonal
                        stock.”

                  
                  
                  
                  Inventory is classified as seasonal when it has a peak selling season and level or
                     hybrid production is used to build up this inventory in advance of the season.
                     Seasonal inventory that does not sell may need to be heavily discounted at the end
                     of the season, stored until the same time next year, dekitted and repackaged as
                     non-seasonal inventory, sold to a third-party, or some other disposition. 

                  
                  

               
               

            
            
            
            
               
               
               Hedge

               
               
               
               
                  
                  
                  Hedging is a way of locking
                     in prices for something now to reduce uncertainty in case the price
                     is too high later or if there could be supply shortages. This can
                     be done with financial products such as futures, or it can be done
                     by buying inventory sooner than it is needed when prices are low.
                     When the latter is done, it is called hedge inventory.

                  
                  
                  
                  The ASCM Supply Chain
                        Dictionary defines hedge inventory as:

                  
                  
                  
                  
                     
                     
                        A form of inventory buildup to buffer
                           against some event that may not happen. Hedge inventory planning involves speculation
                           related to
                           potential labor strikes, price increases, unsettled governments, and events that
                           could severely impair a company’s strategic initiatives. Risk and consequences are
                           unusually high, and top management approval is often required.
                        

                     

                  
                  
                  
                  Another
                     use of the term hedge inventory is for inventory that is made or
                     planned at a higher level than needed in the event that the mix
                     or demand changes.

                  
                  
                  
                  Due to the uncertainty of the future and the financial
                     stake in the ground created by the hedge, hedging is risky. Hedge inventory is
                     commonly used in purchasing commodities, such as fuel or grain, that are traded on
                     a
                     global market. 

                  
                  
                  
                  An airline may purchase financial options to buy fuel at a set
                     price when prices are low since it cannot actually store much excess fuel. If prices
                     stay low or become lower, the cost of the option is a loss, but the airline does
                     reduce cost variability in either case. 

                  
                  
                  
                  A food processor may gamble that a new plant disease will mean a
                     poor peanut crop next year and higher prices. The processor may decide to acquire
                     inventory above current needs to avoid higher prices or shortages in the future. If
                     there is a year of plenty, however, the organization could have severe losses since
                     the market won’t likely bear a finished goods price that reflects their actual
                     material costs.

                  
                  

               
               

            
            
            
            
               
               
               Vendor-Managed Inventory (VMI) and Consignment

               
               
               
               
                  
                  
                  Vendor-managed inventory (VMI) and consignment inventory were both introduced and
                     defined elsewhere. Both are classifications of inventory. VMI is an inventory
                     classification because the supplier manages these inventories directly at the
                     organization’s locations, and so they need to be treated differently from inventory
                     that the organization manages. Consignment is a classification because the
                     organization does not own this inventory, even though it is stored on their
                     premises. VMI arrangements may or may not be on a consignment basis.

                  
                  
                  
                  Assuming the inventory in VMI is not on consignment, then the organization owns this
                     inventory and must include it in their current assets on the balance sheet.
                     Consignment inventory is carried on the supplier’s balance sheet.

                  
                  

               
               

            
            
            
            
               
               
               In-Transit (Pipeline) Inventory

               
               
               
               
                  
                  
                  In-transit inventory, or
                     pipeline inventory, is inventory in the transportation network. The ASCM Supply Chain Dictionary defines
                     related terms.

                  
                  
                  
                  
                     
                     In-transit inventory: 
                        Material moving between two or more locations, usually separated geographically (e.g.,
                           finished goods being shipped from a plant to a distribution center (DC)).

                     
                     Transportation inventory: 
                        Inventory that is in transit
                           between locations. See: pipeline stock, transit inventory.

                     
                     Pipeline stock: 
                        Inventory in the transportation network
                           and the distribution system, including the flow through intermediate stocking
                           points. The flow time through the pipeline has a major effect on the amount of
                           inventory required in the pipeline. Time factors involve order transmission, order
                           processing, scheduling, shipping, transportation, receiving, stocking, review time,
                           and so forth. Syn.: pipeline inventory. See: distribution system, transportation
                           inventory.

                     

                  
                  
                  
                  The average amount
                     of inventory that is in transit at any given time is a function
                     of the average transit time in days. Reducing this time is the only
                     way to reduce transportation inventory levels. This can be done
                     by using faster modes of transport or by selecting suppliers that
                     are closer to the organization. This reduces both cost and lead
                     times. (If faster transport is used, however, its increased cost
                     may offset any cost savings.)

                  
                  
                  
                  Note that transportation inventory also
                     includes inventory in motion within the plant, such as from one
                     work center to another. This time is measured as the move time component
                     of manufacturing lead time.

                  
                  

               
               

            
            
            
            
               
               
               Service Parts

               
               
               
               
                  
                  
                  Service parts, a
                     term related to finished goods and MRO supplies, are “Those modules, components, and elements
                        that are planned to be used without modification to replace an original part. Syns.:
                        repair parts, spare parts.” 

                  
                  
                  
                  An organization can sell service parts to satisfy independent demand for the parts,
                     in which case, they are a type of finished good. However, when the organization buys
                     service parts for its own manufacturing equipment, they do not become part of the
                     final product and thus are MRO supplies. A tire can be a finished product if it is
                     for sale or MRO inventory if it will be used with the organization’s owned fleet of
                     trucks.

                  
                  

               
               

            
            
            
            
               
               
               Excess, Obsolete, and Scrap

               
               
               
               
                  
                  
                  Exhibit 6-4 shows
                     the way inventory labels change as items age through the system.
                     As inventory ages, the risk that it will lose its value increases.

                  
                  
                  
                  
                     Exhibit 6-4: Inventory over Time[image: Graph showing inventory balance decreasing over time as items move from operating inventory to excess, inactive, obsolete, and finally scrap, with value declining along the downward curve.]
                  
                  
                  
                  
                  Operating inventory
                     includes cycle stock and safety stock. Cycle stock diminishes over the
                     course of the cycle and then is replenished.

                  
                  
                  
                  Operating
                     inventory unused by the end of the cycle becomes excess inventory, which is defined in the ASCM Supply Chain Dictionary as:

                  
                  
                  
                  
                     
                     
                        Any inventory that exceeds the minimum amount necessary to achieve the desired throughput
                           rate at the constraint or that exceeds the minimum amount necessary to achieve the
                           desired due date performance. Total inventory = productive inventory + protective
                           inventory + excess inventory.
                        

                     

                  
                  
                  
                  Excess inventory is
                     defined above from a theory of constraints perspective. From a master
                     planning perspective, excess inventory is any inventory created
                     in excess of the requirements within the demand time fence. Excess
                     inventory may exist because orders were canceled or because of a
                     management override (e.g., anticipated increases in demand that
                     did not occur). From a material requirements planning or distribution
                     network perspective, excess inventory may be the result of lot-size purchasing
                     that exceeds operations’ capacity or distribution requirements.
                     To draw down excess inventory, management may slow or divert production
                     and/or direct sales to sell finished goods at a discount. The latter
                     reduces profit. Excess components or raw materials may also be sold
                     and may or may not recoup the initial investment represented by
                     the purchase. All inventory that is carried has to be stored and secured,
                     which creates inventory carrying costs that steadily reduce the
                     value of inventory.

                  
                  
                  
                  As time passes, if the excess
                     inventory is not used or sold and if demand is not forecast, it becomes inactive
                        inventory, defined in the ASCM Supply Chain Dictionary as: “1) Stock designated as in excess of
                        consumption within a defined period. 2) Stocks of items that have not been used for
                        a defined period.”

                  
                  
                  
                  Inactive inventory includes materials that were intended to
                     be converted into finished goods, finished goods that have not sold, and special
                     inventory such as spare parts. From an accounting perspective, inventory is an
                     asset, but inactive inventory that was intended for conversion or sale has very
                     little chance of generating profit and yet continues accumulating costs. As an
                     asset, therefore, these types of inactive inventory should be valued at zero, and
                     the cost of this should be written off against current profits. For example, our
                     fast fashion retailer is familiar with the effect of time on inventory. If inventory
                     has not sold within eight weeks of delivery at its stores, the discounts begin. At
                     12 weeks, the goods are sold to discount stores.

                  
                  
                  
                  Another classification of inventory
                     is distressed goods. Distressed goods are defined in the ASCM Supply Chain Dictionary as: “Products that are damaged or close to their expiration date and cannot be sold at
                        full price. See: deterioration.” Examples are boxes that have been damaged in the warehouse or inactive
                     inventories of processed foods nearing their “sell by” dates. They may be heavily
                     discounted or scrapped, leaving little or no profit margin.

                  
                  
                  
                  Inactive inventory may eventually become obsolete
                        inventory, which the ASCM Supply Chain Dictionary defines as:

                  
                  
                  
                  
                     
                     
                        Inventory items that have met the obsolescence criteria established by the organization,
                           such as inventory that has been superseded by a new model or otherwise has a lack
                           of demand. Obsolete inventory will never be used or sold at full value. Disposing
                           of the inventory may reduce a company’s profit.
                        

                     

                  
                  
                  
                  The organization loses a portion or all of the amount
                     invested in the inventory. In addition, it may incur disposal fees. As a result, one
                     of the key objectives of inventory management is to minimize the amount of inventory
                     that needs to be classified as inactive or obsolete.

                  
                  
                  
                  Obsolete inventory includes product that must be disposed
                     because it has exceeded its shelf life. Shelf life is defined in the ASCM Supply Chain Dictionary as: “The amount of time an item may be held in
                        inventory before it becomes unusable.”

                  
                  
                  
                  Scrap is defined in the ASCM Supply Chain Dictionary as: “Material outside of specifications and possessing
                        characteristics that make rework impractical.” Scrap may be an accepted part of an operation or may result from defective
                     material or errors in processing (e.g., a hole drilled in the wrong location, a
                     shirt sewn with some pieces wrong side out). It can include finished goods that have
                     been recalled (e.g., contaminated food) or damaged products that cannot be reworked
                     and whose parts cannot be returned to inventory.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Inventory in the Service Industry

            
            
            
            
               
               
               Service industries
                  include the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     Retail and wholesale
                        trades

                     
                     

                  
                  
                  
                  	
                     
                     
                     Transportation (e.g., airline or rail)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Utilities

                     
                     

                  
                  
                  
                  	
                     
                     
                     Companies
                        that provide information or conduct transactions (e.g., banks, insurers, government
                        offices, educational institutions)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Companies that provide business or personal services (e.g.,
                        hospitals and medical centers, IT consulting, construction, cleaning)

                     
                     

                  
                  

               
               
               
               Although it looks different, there is inventory in the service
                  industry. It takes the form of goods that facilitate the delivery of the service to
                  customers. For example, a customer who purchases a seat on an airplane is buying a
                  service. To deliver that service, the airline needs computer systems to manage the
                  reservation, fuel for the jet, equipment used to transfer luggage, maintenance and
                  repair supplies for planes and equipment, food and beverages for the flight,
                  cleaning supplies, and inflight entertainment.

               
               
               
               Service industries face many of the same
                  inventory challenges that manufacturing industries do. They may have excess
                  inventory. However, unlike most manufacturers, service industries cannot store much
                  of their excess inventory and it is therefore subject to perishability in that the
                  service time slot cannot be sold once that time passes. For example, a movie theater
                  licenses films to show and must pay for that inventory whether or not an audience
                  attends. 

               
               
               
               Even its physical inventory is often perishable. An airline, for example, may
                  have an inventory of inflight meals that have a certain number of days of freshness.
                  

               
               
               
               A service’s design affects the way inventory is used in a
                  service. To appeal to their customer segments, service industries must determine the
                  right balance of competitive priorities: speed, quality, dependability, flexibility,
                  and cost. Some of these industries have discovered that they can improve their
                  performance with their targeted customer segments by the way they use inventory. A
                  restaurant, for example, may process raw materials to a point and then wait for
                  customer demand to materialize. In this way, the restaurant can deliver its service
                  to the customer more quickly. This may mean more waste if customer demand is low.
                  This problem could be addressed by buying processed food that can remain in a
                  preserved state until the food is ordered. 

               
               
               
               
                  Case Study

                  
                     
                     
                     The hotel group’s guest rooms and meeting facilities are
                        noninventoriable, meaning that they cannot be saved in inventory if unused. It
                        invests in promoting its services but may also heavily discount unbooked rooms
                        when the marginal value of the discount still exceeds its marginal cost. (It is
                        better to break even than accept a total loss.) In this sense, the rooms and
                        meeting facilities and the food and beverage inventory are perishable.

                     
                     
                     
                     To support these services, the hotel group must manage
                        significant supply inventory: a significant amount of MRO material (e.g.,
                        cleaning and landscaping supplies and equipment, hotel vans, linens), perishable
                        inventory for the food and beverage service, marketing materials with limited
                        shelf life, and so on.

                     
                     

               
               
               

            
            

         
         
   
      
         
         
         
         Inventory
            Policy

         
         
         
         
            
            
            Inventory policy indicates
               the organization’s approach to inventory management. We also discuss
               balancing tradeoffs and the impact of sourcing risks on inventory
               policy. Then we discuss some key inventory policies related to item
               segmentation. This includes classifying inventory according to decision
               rules so different classes have different policies. A common way
               to do this is to use ABC classification. Item segmentation also
               includes inventory that requires special handling.

            
            

         
         
         
         
         
            
            
            Inventory Policy Overview

            
            
            
            
               
               
               The ASCM
                     Supply Chain Dictionary defines inventory policy as: “A statement of a company’s goals and approach to the management of inventories. This
                     includes areas such as stocking levels, asset valuation, ABC classifications, replenishment
                     policies, and review cycles.” Inventory policy describes management’s approach to controlling inventory on
                  both an aggregate and itemized level.

               
               
               
               Inventory controls are used to ensure that inventory policies
                  are executed correctly, in accordance with inventory objectives and overall
                  strategy. Inventory controls break down inventory guidelines set at aggregate levels
                  into decisions for individual products—and for individual stock keeping units. 

               
               
               
               Inventory controls used to maintain customer
                  service at a targeted level include setting levels for safety lead time or safety
                  stock per stock keeping location.

               
               
               
               Establishing policy related to aggregate levels of
                  inventory requires

               
               
               
               
                  
                  
                  	
                     
                     
                     Balancing tradeoffs
                        between the competing interests in an organization with regard to
                        inventory

                     
                     

                  
                  
                  
                  	
                     
                     
                     Reviewing
                        the impact of sourcing risks on inventory planning decisions

                     
                     

                  
                  
                  
                  	
                     
                     
                     Deciding whether to use risk pooling, and if so, for what types of
                        inventory

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Balancing Tradeoffs

               
               
               
               
                  
                  
                  Several
                     goals drive an organization’s inventory policy decisions, including
                     the aggregate amount of inventory to carry.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Customer service. The goal
                           of customer service is to provide exactly the products the customer
                           wants at the desired time and place and at a price the customer
                           is willing to pay. The degree to which the organization commits
                           to serving its individual customers is defined in its service level
                           policies. The most profitable customer segments may receive the
                           highest level of service, and others may receive lower levels. There
                           are uncertainties, however, that can affect delivery lead time—for
                           example, factory downtime or delays in supplies. Mitigating customer
                           service uncertainty often requires increasing the amount of inventory the
                           organization carries.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Operational efficiency.
                           Operations is most efficient when long production runs are possible and
                           changeovers are minimized. This lowers operating costs, but it may result in
                           higher overall inventories and occasional stockouts of products. This puts
                           operational efficiency in conflict with customer service and operational
                           agility. A good example of operational efficiency related to inventory
                           management is inventory accuracy. Having more accurate inventory records
                           improves planning and customer service but comes at a cost in terms of time
                           and money spent on inventory counting (e.g., cycle counting) and/or
                           technologies such as barcodes or inventory picking technology (e.g.,
                           pick-to-light, pick-to-voice). 

                        
                        

                     
                     
                     
                     	
                        
                        
                        Financial return on investment. The
                           organization’s financial goals are most secure when inventory investment
                           is minimized (little inventory is carried) and inventory is converted
                           into sales as quickly as possible. Low inventory levels, short lead
                           times, and high turnover are required. This puts the organization’s financial
                           goals at odds with both its customer service and operating efficiency goals.
                           Carrying low inventory will increase the probability of not filling
                           customers’ orders and will necessitate shorter, less-efficient production
                           runs as lines wait for resupply.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Environmental impact. While
                           the prior three tradeoffs are the most critical ones, an organization
                           may have sustainability goals. The goals of sustainability related to
                           inventory can include use of less hazardous material, sourcing sustainability, minimizing
                           waste and overproduction, minimizing discharge of pollutants, reducing
                           energy and resource use, using environmentally friendly packaging
                           and transportation, and making products that are safe for workers,
                           customers, and the environment. These goals are at odds with cost
                           minimization, can complicate operational efficiency, and can reduce
                           customer service in terms of availability. However, customers may
                           be willing to pay more for sustainable products.

                        
                        

                     
                     

                  
                  
                  
                  Exhibit 6-5
                     summarizes the tradeoffs that may be required to meet these goals. For example,
                     operations may want to reduce manufacturing cost by using less-expensive components
                     or carrying less inventory. However, this will conflict with marketing’s need to
                     increase revenue by satisfying customers and finance’s desire for increased profit
                     and cash flow. Environmental, social, and governance (ESG) may want to not only meet
                     all mandatory environmental requirements but also meet voluntary initiatives such
                     as
                     sourcing sustainably (e.g., fair trade coffee). ESG can improve customer service by
                     providing additional differentiation, which often leads to greater customer loyalty.
                     It also may improve operational efficiency since the costs of regulatory risks are
                     lower. It may also make inventory investment more efficient and subject to fewer
                     risks that would add to inventory costs. 

                  
                  
                  
                  
                     Exhibit 6-5: Competing Objectives for Manufacturers[image: A table comparing marketing, operations, finance, and ESG objectives across customer service, production efficiency, and inventory investment. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Management
                     must negotiate these goals to arrive at an inventory level that
                     provides a competitive level of service at operating and financial
                     costs that support the organization’s competitive position.

                  
                  
                  
                  Various production
                     strategies and tools can help organizations improve their negotiated
                     inventory policies. For example, value stream mapping, a lean production technique,
                     can be used to identify areas of waste in the production process
                     design, which will help shorten lead times and reduce inventory
                     levels. Buffers (e.g., additional time or resources) can be applied
                     to constraints to improve throughput. Pull techniques can be used
                     to decrease work-in-process inventory. Suppliers can partner in
                     just-in-time deliveries of materials to the production point.

                  
                  
                  

               
               

            
            
            
            
               
               
               Impact of Sourcing Risks on Inventory
                  Timing

               
               
               
               
                  
                  
                  Inventory management
                     professionals need to review the impact of
                     sourcing risks on inventory planning. Sourcing
                     risks can have a strong impact on an
                     organization’s inventory planning, and, especially
                     considering global sourcing, can include the full
                     range of risks: sociocultural (or social),
                     technological, economic, environmental, political,
                     legal/regulatory, and ethical (STEEPLE). Some
                     supply-chain-specific risks such as transportation
                     risk also should be considered. Politicians can
                     impose tariffs, economies can go into recession or
                     worse, social trends can put previously accepted
                     practices into disfavor, new technologies can
                     disrupt cost competitiveness or make inventories
                     suddenly obsolete, lawsuits or contractual issues
                     can destroy profitability, environmental activists
                     can blame the organization for its supplier’s
                     actions, or transportation networks can be
                     disrupted by disasters. Some events are a mix of
                     many types such as labor unrest or strikes being
                     political, economic, and social issues. The list
                     could go on.

                  
                  
                  
                  Inventory can and
                     should create a buffer to insulate the organization from some of these
                     risks (depending on the manufacturing environment), but inventory
                     itself is at risk of theft, damage, and obsolescence, so wise organizations
                     rely on inventory to handle only some portion of their sourcing
                     risk. When risks appear to be increasing in a given area, a best
                     practice is to determine a targeted or focused increase in just certain
                     inventories or in just certain parts of the supply chain. For example,
                     this could be increasing safety stocks of critical materials or
                     purchasing hedge inventories of the same if there is available inventory
                     space for a bulk purchase.

                  
                  
                  
                  The remainder of the risk should be addressed in other
                     ways. Organizations might invest in resiliency (the ability to quickly adapt to
                     change). They determine the right amounts and types of insurance to carry, including
                     insuring freight and carrying business interruption insurance. They diversify their
                     supplier base and geographically diversify their manufacturing operations. They
                     create backup plans for transportation disruptions, such as using air transportation
                     for critical parts rather than allowing a plant to stop operations due to a port
                     strike. They may use risk pooling.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Inventory Segmentation for ABC Control

            
            
            
            
               
               
               Two aggregate-level decisions related to
                  inventory control need to be determined before item-level controls can be properly
                  applied. The high-level decisions include

               
               
               
               
                  
                  
                  	
                     
                     
                     The importance of
                        the inventory item to the organization

                     
                     

                  
                  
                  
                  	
                     
                     
                     The level of
                        control that is necessary.

                     
                     

                  
                  

               
               
               
               The answers to these questions can be found using tools such
                  as ABC classification. The ASCM Supply Chain
                     Dictionary defines the following related terms.

               
               
               
               
                  
                  ABC
                        classification: 
                     The classification of a group of items in decreasing order of annual dollar volume
                        (price multiplied by projected volume) or other criteria. This array is then split
                        into three classes, called A, B, and C. The A group usually represents 10 percent
                        to 20 percent by number of items and 50 percent to 70 percent by projected dollar
                        volume. The next grouping, B, usually represents about 20 percent of the items and
                        about 20 percent of the dollar volume. The C class contains about 50 percent of the
                        items and represents about 10 percent to 30 percent of the dollar volume. The ABC
                        principle states that effort and money can be saved through applying looser controls
                        to the low-dollar-volume class items than to the high-dollar-volume class items. The
                        ABC principle is applicable to inventories, purchasing, and sales. Syns.: ABC analysis,
                        distribution by value. See: 80-20 rule, classification, Pareto analysis, Pareto’s
                        law.

                  
                  Pareto’s law: A principle first observed by Italian economist Vilfredo Pareto that states that a
                        small percentage of a group accounts for the largest fraction of its impact or value.
                        In ABC classification, for example, 20 percent of the inventory items may constitute
                        80 percent of the inventory value. See: 80-20 rule, ABC classification.

                  

               
               
               
               Although the first definition uses a 70/20/10
                  split, the actual percentages may differ among users and is widely applied in many
                  fields.

               
               
               
               When applied to inventories, the ABC
                  classification can be called ABC inventory control. ABC inventory control is
                  concerned with determining the relative importance of inventory and the level of
                  control that is required.

               
               
               
               Once the criteria are determined, all
                  products the organization sells are ranked according to the criteria and placed into
                  three groups. One factor is generally the most important: organizations often select
                  annual dollar usage, calculated as number of units sold annually multiplied by their
                  cost (or, sometimes, price, as per the definition above) since cost/price equates
                  to
                  relative importance. Other criteria might include bottleneck materials, shelf life,
                  replenishment lead time, importance of a stockout to customers, inventory turnover
                  rate, and so on. Many of these classes would be used to control risk such as risk
                  of
                  a production shutdown (bottleneck materials), spoilage (shelf life), or distribution
                  network shortages (replenishment lead time). Another reason is to enable efficiency.
                  For example, ABC classification based on inventory turnover is sometimes used to
                  organize warehouse layout so that the fastest-selling items are closest at hand.

               
               
               
               
                  Key Point

                  
                     
                     
                     Given a main factor such as annual dollar
                        usage, other factors selected could bump up some items into a higher category or
                        bump others down into a lower category. For an example of a bump-up, highly
                        perishable items or items with long lead times are often moved up to be “A”
                        items because they can be costly if not managed carefully. However, rather than
                        applying time-consuming and administratively expensive controls to all
                        inventory, bumping some things down allows applying control only where it is
                        needed. This saves time and money. An example of an A item that might be
                        downgraded to a B or C item might be huge coils of steel that are difficult to
                        misplace and hard to damage. The downgrade would be based on ease of
                        control.

                     
                     

               
               
               
               Items in category A will have the highest
                  degree of control and, due to high inventory cost, this may equate to tight control
                  of inventory levels, carefully calculated (low) safety stock levels, more frequent
                  ordering in lower quantities, frequent inventory counting for accuracy, higher
                  physical security, more frequent review of demand forecasts and errors, and closer
                  attention to order status and expediting. Examples might include circuit boards or
                  vehicle transmissions.

               
               
               
               Items in category B will have normal levels
                  of control, inventory, safety stock, and record keeping in the areas just mentioned.
                  Examples might include belts or filters.

               
               
               
               Items in category C will have the least
                  complex controls and record keeping, for example, minimal time spent on inventory
                  counting for accuracy. Examples might include nuts and bolts. The main thing about
                  C
                  items when they are ranked by annual dollar usage is that they will have very low
                  inventory carrying cost, so it will make sense to maintain plenty of days of supply,
                  have high levels of safety stock, and order few times per year (perhaps just once)
                  in large quantities to limit the number of chances of a stockout. This is because
                  these items only become a problem when there is a stockout. Overstocks will be
                  relatively inexpensive.

               
               
               
               The item’s classification may affect

               
               
               
               
                  
                  
                  	
                     
                     
                     The frequency with
                        which the item is counted to verify the accuracy of beginning inventory
                        numbers

                     
                     

                  
                  
                  
                  	
                     
                     
                     The frequency with
                        which demand forecasts for the item are reviewed

                     
                     

                  
                  
                  
                  	
                     
                     
                     Efforts to
                        reengineer products or processes (“A” items that are expensive or used in
                        higher volumes get more improvements to reduce waste or sustain
                        demand.)

                     
                     

                  
                  
                  
                  	
                     
                     
                     The amount of
                        safety stock or safety lead time assigned to the item

                     
                     

                  
                  
                  
                  	
                     
                     
                     Where the item is
                        stored

                     
                     

                  
                  
                  
                  	
                     
                     
                     How it is
                        replenished. (“C” items may be controlled and replenished with
                        less-technological processes, such as visual review or two-bin
                        systems.)

                     
                     

                  
                  

               
               
               
               Assuming that annual dollar usage is the key
                  criterion, here are the steps in the ABC inventory control process (refer to Exhibit 6-6 for the
                  specific calculation examples shown below):

               
               
               
               
                  
                  
                  	
                     
                     
                     Select the metric type (e.g., annual cost, usage).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Collect data for each item (e.g., cost, quantity).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Multiply the
                        annual unit usage by the unit cost to find the annual dollar usage per
                        product or product family. This is $49,400.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Sort the products
                        by their annual dollar usage from highest to lowest. This was done for the
                        Annual Dollar Usage column.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Calculate the
                        cumulative percentage of total items. The Annual Quantity Sold column is
                        converted to a cumulative sum in the Cumulative Annual Quantity column. This
                        latter column is converted into the Cumulative Percent of Total Items row
                        information by the cumulative total items listed as 24,000 units.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Calculate the
                        cumulative percentage of annual dollar usage. This is the data for each row
                        in the Cumulative Dollar Usage column divided by the cumulative total of
                        $49,400.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Identify the
                        80/20 split. Assign A, B, and C classifications based on the items’
                        cumulative percentage of dollar usage, with A items within about 50 percent
                        to 70 percent of cumulative value, B at about 20 percent more of the
                        cumulative value, and C at the remainder. 

                     
                     

                  
                  
                  
                  	
                     
                     
                     Visualize the results (i.e., create a Pareto chart).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Analyze and act (focus on the vital few and make improvements).

                     
                     

                  
                  

               
               
               
               It is important to note, however, that it is
                  not necessarily the case that A items are expensive and C items are cheap. The
                  classification is used to identify the cumulative value of the items used.

               
               
               
               Exhibit 6-6 shows how a ranked list might be created. (The example assumes that
                  there are only 10 products sold by the organization.)

               
               
               
               
                  Exhibit 6-6: ABC Inventory Ranked by Annual Dollar Usage[image: A table titled “ABC Inventory Ranked by Annual Dollar Usage.” Please go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               The first row in Exhibit 6-6 shows 0 percent, so the graph
                  in Exhibit 6-7 below based on these data
                  will start from 0 percent. Exhibit 6-7
                  shows how an ABC inventory analysis will start off with steep increases in value and
                  then level off as the B and C categories are approached.

               
               
               
               
                  Exhibit 6-7: ABC Inventory in Chart Form[image: A cumulative percentage chart showing the relationship between cumulative percent of value and cumulative percent of items. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               

            
            

         
         
         
         
            
            
            Inventory Segmentation for Special Handling

            
            
            
            
               
               
               Inventory that requires special handling can be
                  grouped into various segments so that related risks to supply or to customer value
                  can be protected. These segments can also be used for designating special storage
                  areas within the warehouse to enable safe and effective storage of the given
                  inventory segment as required. For this reason, traceability and lot control are
                  very important to this type of inventory. Size and other product characteristics
                  affect sourcing, manufacturing, and distribution requirements, so products with
                  similar characteristics often need to be sorted into like segments such as the
                  following.

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Bulk materials.
                           
                        Orders
                           processed and sold in bulk have different storage, handling, and vehicle
                           requirements. These can be liquids, grains, etc.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Odd-sized/-shaped goods.
                           
                        This type of
                           segmentation will dictate how much space is required for the inventory
                           and can result in special inventory handling and transportation
                           requirements (e.g., specialty trucks). Large sheets of glass need to be
                           handled and stored with minimal risk of breakage. Clothing may need to
                           be transported on racks. Palletized versus non-palletized is a typical
                           segmentation method. Bulky items like couches or beds may need an
                           additional person for materials handling. It may be unprofitable to
                           include an extra person for other materials handling in a delivery, so
                           this would be a segment.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Temperature.
                           
                        Frozen,
                           refrigerated, and ambient temperature requirements create zones for
                           warehousing, operations, and transportation (e.g., multi-temperature or
                           separate vehicles). Ambient-temperature goods can often be stored or can
                           travel in a refrigerated area; this uses space more efficiently but also
                           wastes energy.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Value.
                           
                        Valuable
                           goods are often centralized to minimize inventory carrying costs, can
                           bear higher transportation costs such as for air, and have more
                           expensive holding costs due to security needs. Goods that are at higher
                           risk of theft in storage or transit may need security zones in
                           warehouses and secure vehicles; in some cases, they and the vehicles are
                           kept nondescript.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Variety.
                           
                        Products that
                           have many different SKUs, such as sizes of shirts, will generate large
                           inventories unless inventory is centralized. Low-value staples with
                           large varieties are instead ordered far in advance.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Cross-contamination.
                           
                        Chemicals
                           need to be segregated from foodstuffs, goods that can absorb smells need
                           to be segregated from items that emit odors, and so on. Even some
                           vegetables need to be segregated. Tomatoes, apples, and pears emit
                           ethylene, and other vegetables like lettuce, broccoli, and watermelon
                           will yellow or decay when kept near them for too long because they are
                           ethylene-sensitive.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Dangerous goods/hazardous materials (hazmat).
                           
                        Dangerous
                           goods or hazardous materials (hazmat) require special handling policies
                           and supply/distribution networks that comply with all regulatory
                           requirements. Hazardous materials are an important area for risk
                           management and are addressed more elsewhere.
                        

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Section B: Inventory Costs, Basic Accounting, Costing, and
            Metrics

         
         
         
         
            
            
            
               After completing
                  this section, students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Understand and manage the elements of total carrying
                     costs, total ordering costs, total stockout costs, and the tradeoffs of each 

                  
                  

               
               
               
               	
                  
                  
                  Differentiate managerial accounting
                     from financial accounting

                  
                  

               
               
               
               	
                  
                  
                  Understand the basics of financial
                     statements and how they account for inventory

                  
                  

               
               
               
               	
                  
                  
                  Understand the different types of
                     product costs

                  
                  

               
               
               
               	
                  
                  
                  Understand costing methods that determine the cost of
                     producing a product to compare actual to planned, budgeted, or standard costs 

                  
                  
                  
                  
                     
                     	
                        
                        
                        Understand the key features
                           of absorption costing and variable costing

                        
                        

                     
                     
                     	
                        
                        
                        Differentiate variable
                           costing and absorption costing

                        
                        

                     
                     
                     	
                        
                        
                        Differentiate job-order
                           costing, process costing, and operation
                           costing

                        
                        

                     
                     
                     	
                        
                        
                        Understand how
                           activity-based costing assigns costs to cost
                           objects

                        
                        

                     
                     
                     	
                        
                        
                        Determine variances between
                           actual and standard costs

                        
                        

                     

                  
                  

               
               
               
               	
                  
                  
                  Understand and review projected or standard cost versus actual costs when monitoring
                     and managing inventory costs 

                  
                  

               
               
               
               	
                  
                  
                  Review and validate variances in cost
                     through inventory valuation and an analysis of obsolescence, scrap/yield, rework,
                     repairs, returns, and defective output 

                  
                  

               
               
               
               	
                  
                  
                  Understand and monitor inventory valuation methods 

                  
                  

               
               
               
               	
                  
                  
                  Understand the purposes of transfer pricing 

                  
                  

               
               
               
               	
                  
                  
                  Calculate and
                     review inventory metrics 

                  
                  

               
               

            
            
            
            After covering inventory carrying, ordering, and stockout costs,
               financial statement basics are covered briefly as these are important for supply chain
               professionals to know about at a high level and are key terms for the exam. Then we
               look at
               costing methodologies. These determine how products and services have costs allocated
               to
               them. This will affect the valuation of inventory. There are different ways in which
               cost
               can be measured to support managerial needs. We review key cost terminology and describe
               the
               traditional approach to assigning costs. We then look at approaches to costing that
               define
               costs in a way that allows key elements to be isolated and analyzed.

            
            
            
            This section discusses the various costs of inventory and how they
               need to be optimized. Inventory accounting is covered, including various inventory
               metrics
               and ways that accountants can value inventory. After that, we look at the concept
               of
               standard costs and the way they are used to measure and control performance through
               variance
               analysis.

            
            

         
         
         
         
   
      
         
         
         
         Inventory Costs Overview

         
         
         
         
            
            
            Here we discuss inventory cost categories and how they interrelate.

            
            

         
         
         
         
         
            
            
            Inventory Costs

            
            
            
            
               
               
               Inventory
                  costs are broken down into categories to help determine the tradeoffs of various
                  decisions. The following are important categories of total inventory costs:

               
               
               
               
                  
                  
                  	
                     
                     
                     Total item costs

                     
                     

                  
                  
                  
                  	
                     
                     
                     Total carrying costs

                     
                     

                  
                  
                  
                  	
                     
                     
                     Total ordering costs

                     
                     

                  
                  
                  
                  	
                     
                     
                     Total stockout costs

                     
                     

                  
                  

               
               
               
               Total costs include consideration of all cost impacts,
                  rather than just one cost impact, on customer service improvement. Total inventory
                  costs are the sum of the total item, carrying, ordering, and stockout costs.
                  Attempts to create savings in one type of costs often result in increased costs in
                  another category, resulting in tradeoffs. For example, increasing inventory to avoid
                  stockouts increases carrying costs. Reducing safety stocks saves on carrying costs,
                  but the tradeoff is higher stockout costs. Ordering in larger amounts to decrease
                  the number of orders being placed decreases ordering costs but increases carrying
                  costs.

               
               
               
               It is necessary to
                  optimize all of the costs together rather than minimizing one type
                  of cost. At the aggregate level, fewer assumptions are needed than
                  at the individual item level because one is working with costs in
                  the aggregate and the total of each category of costs can be determined
                  (or estimated in some areas) and compared to planned levels to determine
                  overall variances.

               
               

            
            
            
            
               
               
               Inventory Item Costs

               
               
               
               
                  
                  
                  Item costs for
                     inventory are the purchase price plus other direct costs required to get the units
                     to where they need to be, for example, the plant. Item costs are a large portion of
                     the landed costs, because item costs include not only transportation but also
                     customs and insurance costs. Items produced in-house will also have item costs;
                     these will be direct materials, direct labor, and the portion of factory overhead
                     allocated to the units. The unit cost could be affected by order size—for example,
                     with volume discounts or lower transportation charges keyed to order size.

                  
                  

               
               

            
            
            
            
               
               
               Total Carrying Costs

               
               
               
               
                  
                  
                  The ASCM Supply Chain Dictionary defines carrying
                        cost, also called holding cost, as:

                  
                  
                  
                  
                     
                     
                        The cost of holding inventory, usually defined as a percentage of the dollar value
                           of inventory per unit of time (generally one year). Carrying cost depends mainly on
                           the cost of capital invested as well as costs of maintaining the inventory, such as
                           taxes and insurance, obsolescence, spoilage, and space occupied. Such costs vary from
                           10 percent to 35 percent annually, depending on type of industry. Carrying cost is
                           ultimately a policy variable reflecting the opportunity cost of alternative uses for
                           funds invested in inventory. Syn.: holding cost. See: inventory cost.
                        

                     

                  
                  

               
               
               
               
                  
                  
                  Components of Carrying Costs

                  
                  
                  
                  
                     
                     
                     Carrying costs reflect all of the expenses
                        associated with owning inventory. They are directly related to inventory volume, and
                        they include the following.

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Capital
                                 costs. Capital cost is the cost of money invested in inventory. It
                              is also called the cost of capital (finance professionals may use the term
                              weighted average cost of capital, or WACC, but it is not defined here)
                              because it reflects the opportunity cost of carrying inventory. If money was
                              borrowed to finance the inventory, the capital cost is the direct cost of
                              the loan. Even if this is not the case, money invested in inventory is tied
                              up and cannot be used for another purpose, which is an opportunity cost.

                           
                           
                           
                           Capital costs can vary by industry
                              since different types of operations have different investment opportunities
                              and expectations of return for their capital. Finance will estimate the
                              capital cost of inventory by determining the interest rate that could have
                              been earned from making an investment in something of similar risk. This
                              could be either the prevailing interest rate for a financial instrument or
                              the return expected from an alternative business investment.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Risk costs.
                              This cost is the ongoing loss of inventory value over time. One cause is
                              shrinkage, a reduction in quantities caused by things like scrap or
                              deterioration. Inventory might be perishable, in which case it could spoil,
                              but even nonperishable inventory can suffer from rot or evaporation. Goods
                              may be subject to pilferage, which includes theft as well as goods that are
                              misplaced. Another risk is obsolescence. When new and improved products come
                              on the market, the old model loses value. Some products lose value simply
                              because tastes change. Transportation and materials handling also pose a
                              risk of product damage. The cost of insurance and security expenses for
                              carrying the inventory may be included. Perishable goods, innovative
                              technology, and items with a high street value can have high risk costs,
                              while other products will have low risk costs. Estimates of the types of
                              risks are made by product, and an average percentage risk cost is
                              determined.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Storage
                                 costs. Storage costs reflect the fact that warehouses cost money—for
                              the land, the building, the material-handling equipment, the labor, and the
                              overhead, such as utilities. Storage costs increase as inventory volume
                              increases. These costs are expressed as a percentage.

                           
                           

                        
                        

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Calculating Carrying Cost

                  
                  
                  
                  
                     
                     
                     Each of these costs is calculated as a
                        percentage of the inventory value ratio. That is, the total costs in the given
                        category for the period are summed and divided by the total value of the inventory
                        for the period (typically a year). Note that increasing inventory turnover will
                        increase the total value of the inventory used to compute these percentage costs
                        because more inventory in total will have been sold. When the denominator in a
                        fraction gets bigger, the fraction gets smaller, so the more that inventory is
                        turned over, the lower the carrying cost ratio will become.

                     
                     
                     
                     The sum of the percentages of the carrying
                        cost components can be multiplied by the average annual inventory level to determine
                        the carrying cost. Consider an organization that has a capital cost of 9 percent,
                        a
                        storage cost of 8 percent, and a risk cost of 7 percent. The sum of these is 24
                        percent. If the average inventory level is $3 million per year, then the calculation
                        of carrying cost would be

                     
                     
                     
                     [image: ../images/mathml_id2296902K0UI.png]
                     
                     
                     
                     Dividing this by 365 results in a daily rate of
                        about $1,973 per day. If the organization reduces this annual average to $2,500,000
                        the figure would be $600,000, or about $1,644 per day. Note how carrying cost will
                        increase or decrease based on the average inventory level. The percentages could
                        also be reestimated and impact carrying cost.

                     
                     
                     
                     Many organizations, especially those with
                        strong seasonal variations in inventory levels, perform a more finely grained study
                        of carrying costs by doing the calculations by quarter or month. If an annual
                        carrying cost is used as an input, it will need to be translated into a quarterly
                        or
                        monthly rate before it can be multiplied against quarterly or monthly average
                        inventory levels. For example, to translate the 24% annual carrying cost into a
                        quarterly carrying cost, divide by 4 (for the four quarters):

                     
                     
                     
                     [image: ../images/mathml_id22AO860005Z.png]
                     
                     
                     
                     This would then be multiplied by the average
                        quarterly inventory. The four quarterly carrying costs could then be summed, and a
                        more precise carrying cost can be found.

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Total Ordering Costs

               
               
               
               
                  
                  
                  The ASCM Supply Chain Dictionary defines ordering cost
                     as:

                  
                  
                  
                  
                     
                     
                        The costs an organization incurs each time it places an order. Ordering cost is used
                           in determining order quantities and includes costs related to the administrative work
                           of preparing, releasing, and monitoring orders and paying invoices; the physical handling
                           of goods; receiving and inspection; and setups, as applicable. Syn: order cost. See:
                           acquisition cost, inventory cost.
                        

                     

                  
                  
                  
                  Ordering costs are related to the number
                     of orders per period rather than the volume of a given order. Ordering
                     costs are incurred for purchase orders and factory orders.

                  
                  
                  
                  For purchasing,
                     ordering costs include the cost of each purchase order that is issued or,
                     if contract buying is used, the cost of releasing orders against
                     a contract, although the latter is much lower in cost per order.
                     These costs include

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Those
                           for administrative tasks related to creating and placing a purchase
                           order, tracking the order, and processing payment

                        
                        

                     
                     
                     
                     	
                        
                        
                        Those
                           for managing and expediting orders

                        
                        

                     
                     
                     
                     	
                        
                        
                        Those
                           for receiving, checking, and handling inventory received.

                        
                        

                     
                     

                  
                  
                  
                  For manufacturing orders, the following costs are
                     included in ordering cost:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        
                           
                              Production control costs.
                              
                           The cost of issuing,
                              closing, scheduling, loading, dispatching, moving, and expediting open orders. These
                              costs are made up of the costs for labor, supplies, and operating expenses for the
                              operations.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              Setup costs.
                              
                           Setup goes from the
                              last good part of the prior operation to the first good part of the next operation,
                              so it includes teardown costs. This cost is incurred per order. (Run time is
                              calculated per unit.)
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              Lost capacity cost.
                              
                           Whenever another
                              order is placed, the setup time reduces the available run time for the work center,
                              so it is an opportunity cost related to capacity. This is especially problematic for
                              bottleneck work centers that need as much of their capacity as possible for run
                              time. Each order that requires setup time at a bottleneck will reduce sales and
                              profit.
                           

                        
                        

                     
                     

                  
                  
                  
                  Ordering cost varies
                     in proportion to the number of types of orders placed in a year
                     or other period. The quantity ordered is not a factor; ordering
                     50 or 50,000 will have the same ordering cost. This promotes ordering
                     in larger quantities. The tradeoff, however, is higher carrying
                     cost, because larger quantities ordered or longer production runs
                     increase average inventory levels. As the number of orders placed per
                     year varies, so will the ordering cost.

                  
                  
                  
                  Some of the above costs might be included
                     in fixed costs, such as production control salaries, supplies, and
                     operating expenses. However, setup costs will vary per order and
                     are already variable costs. Assume that fixed costs include production
                     control wages that average $200,000 per year plus production control
                     supplies and operating expenses that average $80,000 per year, and
                     assume that 4,000 orders are placed per year on average. Assume
                     also that average setup costs are $100 per order (the variable cost).
                     The following calculation can determine the average ordering cost
                     per order:

                  
                  
                  
                  [image: ../images/mathml_id174JG060299.png]
                  
                  
                  
                  A similar calculation
                     for ordering cost per order could be made for purchasing.

                  
                  

               
               

            
            
            
            
               
               
               Total Stockout Costs

               
               
               
               
                  
                  
                  The ASCM Supply Chain Dictionary defines stockout costs
                     as:

                  
                  
                  
                  
                     
                     
                        The costs associated with a stockout.
                           Those costs may include lost sales, backorder costs, expediting, and additional
                           manufacturing and purchasing costs.
                        

                     

                  
                  
                  
                  A stockout
                     occurs whenever total inventory is not sufficient to meet customer
                     orders. This will occur in situations in which an organization is
                     producing to forecast when demand during the lead time exceeds the
                     forecast and safety stock levels. Stockouts can also occur when
                     suppliers have failures or production problems occur.

                  
                  
                  
                  The cost of a stockout
                     in finished goods (or in modules, in the case of assemble-to-order)
                     can be difficult to quantify. The most easily defined costs will
                     be the additional administrative tasks involved in creating, tracking,
                     expediting, and delivering a backorder. Harder to quantify are lost
                     sales during the stockout period. Stockouts that result in a missed
                     sale (rather than a backorder) are opportunity costs, because the revenue
                     is not earned. If the customers who cannot get orders filled are
                     known, this is straightforward. However, in retail this is not possible.
                     In such cases, lost sales need to be estimated. Over the longer
                     term, an estimate needs to be made of customer churn (the rate at
                     which customers are lost) related to stockouts. Each lost customer represents
                     wasted promotional resources. If the business acquires a public
                     reputation for stockouts, it will have trouble attracting and keeping
                     loyal customers—and possibly investors.

                  
                  
                  
                  If the stockout affects internal production, production can
                     be delayed, halted, or rescheduled. Additional resources will be spent on replanning,
                     expediting materials, setup, and teardown.

                  
                  
                  
                  Safety stock can
                     reduce stockout costs but has a carrying cost. After performing estimates
                     of these various costs, organizations might indicate the number
                     of stockouts per year that are acceptable for a given type of inventory
                     or simply state it as a required customer service level percentage.

                  
                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Accounting and Costing

         
         
         
         
            
            
            Here we address financial versus managerial accounting and go over the basics of each
               of the financial statements. Production and inventory management professionals need
               to understand financial statement basics so they can work effectively with finance
               to achieve common goals. Inventory in particular can have a significant impact on
               financial statements and related ratios. Then we address cost classifications, such
               as fixed versus variable. The costing discussion addresses absorption, variable,
               job-order, process, operation, and activity-based costing.

            
            

         
         
         
         
         
            
            
            Financial vs.
               Managerial Accounting

            
            
            
            
               
               
               Financial accounting is
                  concerned with providing information outside the organization—for
                  example, to shareholders, creditors, tax authorities, and regulators.

               
               
               
               Managerial
                     accounting is used to provide information to internal users, those who
                  need to plan, make investment decisions, and assess financial key performance
                  indicators. It is defined by the ASCM Supply Chain
                     Dictionary as:

               
               
               
               
                  
                  
                     A branch of accounting that uses
                        techniques such as break-even analysis, cost-volume-profit analysis, make-buy
                        analysis, and others to provide information used in day-to-day
                        decision-making.
                     

                  

               
               
               
               Both
                  financial accounting and managerial accounting rely on accurate collection of cost
                  data, which is called cost accounting. The ASCM Supply
                     Chain Dictionary defines cost accounting as:

               
               
               
               
                  
                  
                     The branch of accounting that is
                        concerned with recording and reporting business operating costs. It includes the
                        reporting of costs by departments, activities, and products.
                     

                  

               
               
               
               Since managerial accounting is for internal audiences, the
                  reports generated do not need to comply with U.S. generally accepted accounting
                  principles (GAAP) or International Financial Reporting Standards (IFRS). They may
                  omit some costs to simplify decision making. They can be much more timely and
                  focused to the need. They can emphasize different elements, and their scope can
                  vary—focusing on specific departments, products, and even customers. Also, the way
                  things are measured internally can provide incentives to managers: incentives to
                  follow the strategy when the costing systems align well to the strategy or
                  incentives to ignore the strategy if the costing system is poorly chosen.

               
               
               

            
            

         
         
         
         
            
            
            Balance Sheet

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary defines a balance sheet
                  as: “A financial statement showing the resources
                     owned, the debts owed, and the owner’s share of a company at a given point in time.
                     See: funds flow statement, income statement.” One part of the balance sheet shows what the organization owns; the other part shows
                  how
                  it came to own these things.

               
               
               
               What
                  the organization owns are called assets. Current assets are those assets that are
                  cash or
                  can be converted into cash quickly and include accounts receivable, while fixed assets
                  are
                  assets that would take longer to sell, such as property, plant, and equipment.

               
               
               
               There are a number of ways an organization might come to own these
                  assets. They may have raised cash or paid for the asset by issuing a liability, for
                  example,
                  taking on debt or buying goods on credit. The ASCM Supply
                     Chain Dictionary defines liability as:

               
               
               
               
                  
                  
                     An accounting or financial term (balance sheet classification of accounts) representing
                        a debt or obligation owed by a company to creditors. Liabilities may have a short-term
                        time horizon, such as accounts payable (AP), or a longer-term obligation, such as
                        mortgage payable or bonds payable. See: asset, balance sheet, debt, owner’s equity.
                     

                  

               
               
               
               Alternately, the organization’s owners (or
                  shareholders) may have invested cash into the organization to pay for these assets.
                  Since
                  organizations try to make money doing business, the third way to pay for assets is
                  to use
                  profits that were reinvested in the business, which are called retained earnings.
                  The sum of
                  owner investment plus retained earnings is owners’ equity. An organization can also
                  lose
                  money doing business, and all losses come out of owners’ equity since debts and other
                  liabilities must be paid regardless of profit or loss. The ASCM Supply Chain Dictionary defines owner’s equity (also called
                  shareholders’ equity or simply equity) as: “An accounting or financial term (balance sheet classification of accounts) representing
                     the residual claim by the company’s owners or shareholders, or both, to the company’s
                     assets less its liabilities. See: asset, balance sheet, liability, net assets.”

               
               
               
               These two parts of the balance sheet—assets on the
                  one side and liabilities plus owners’ equity on the other side—are always in balance,
                  simply
                  because owners’ equity is the difference between assets and liabilities, or what is
                  left
                  from assets after liabilities are deducted. (Owners’ equity can be negative.) This
                  relationship is called the balance sheet equation:

               
               
               
               [image: ../images/mathml_id20A7B084030.png]
               
               
               
               Given any two of these amounts (assets, liabilities,
                  owners’ equity), one can find the third value. If assets are $5,000 and liabilities
                  are
                  $3,000, then owners’ equity must be $2,000. This is found by rearranging the equation
                  as
                  follows:

               
               
               
               [image: ../images/mathml_id20A7B08I0RO.png]
               
               
               
               If the initial owner investment was $1,000, then
                  the organization currently is worth $1,000 more than it cost to establish. If the
                  organization pays $1,000 in dividends (payments to owners), both assets and owners’
                  equity
                  would decrease equally. Paying $1,000 in cash (assets) reduces assets to $4,000 and
                  owners’
                  equity by $1,000, so both sides are now at $4,000.

               
               
               
               Exhibit 6-8 shows a set of balance sheets for two years for an organization, with some
                  descriptions of relevant parts of this statement. Note how the total assets are equal
                  to the
                  total liabilities and owners’ equity for each year.

               
               
               
               
                  Exhibit 6-8: Balance Sheet for Two Years[image: A Balance Sheet for Year 1 and Year 2, broken down into Assets, Liabilities, and Owners’ Equity sections. Includes speech bubbles with key financial insights. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               The assets on the balance sheet are items of value
                  to the organization. Assets are listed in the order of their liquidity, or how easily
                  and
                  quickly they can be converted to cash. At the top are cash and cash equivalents (financial
                  investments that can be easily sold), followed by inventory (which would include raw
                  materials, work-in-process, and finished goods), accounts receivable (sales on credit),
                  and
                  fixed assets (which are difficult to liquidate), including property, plant, and equipment.
                  Since fixed assets decrease in value over time due to wear and tear, their value is
                  reduced
                  each year based on their expected life. This deduction is called depreciation. Assets
                  can
                  also include patents and the like.

               
               
               
               Note that inventory is frequently a large
                  percentage of the total assets of a manufacturing organization. While having assets
                  might be
                  thought a good thing, finance professionals want only as many assets as are absolutely
                  necessary, because having assets requires having more liabilities or possibly more
                  owner
                  investment, and these things cost money (debts owe interest, owners may expect dividends).
                  Inventory in particular is usually financed either by reducing cash or by increasing
                  accounts payable (AP), a current liability. 

               
               
               
               
                  Key Point

                  
                     
                     
                     Finance professionals focus in on inventory management because the
                        impact of inventory on the balance sheet is significant. This is vital for CPIMs to
                        understand. The goal is to keep average inventory low while avoiding the costs and
                        consequences of insufficient inventory. 

                     
                     

               
               
               
               The liabilities on the balance sheet are the
                  financial obligations of the business, and they are listed with current liabilities
                  (amounts
                  to be repaid within a year) first, followed by long-term liabilities (amounts to be
                  repaid
                  more than a year from now). Current liabilities include accounts payable (purchases
                  on
                  credit), wages payable (wages earned but not yet paid), and short-term notes payable
                  (debts). Long-term liabilities include long-term debts (e.g., like a mortgage).

               
               
               
               Owners’ equity for a publicly traded organization
                  will include common stock and additional paid-in capital, and these together are what
                  is
                  received from selling shares of stock. Private organizations will list owner investment.

               
               
               
               While the balance sheet is like a snapshot (usually
                  at the end of the year) of accounts that are constantly changing, the income statement
                  is
                  the summary of the results of an entire year (or other period).

               
               

            
            

         
         
         
         
            
            
            Income Statement (Profit and Loss Statement)

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary defines the income statement as: “A financial statement summarizing the difference between revenues and expenses (i.e.,
                     the net income) over a specific period of time. See: balance sheet, funds flow statement,
                     net income (loss).”

               
               
               
               Also called the statement of profit and loss
                  (P&L), the income statement shows sources of revenue (sales in cash or as accounts
                  receivable, which are sales on credit), followed by various types of expenses incurred
                  throughout the period. The relationship is basically one of subtraction, starting
                  with
                  revenue and deducting various expenses. The amount left after all expenses have been
                  deducted is the net income (profit or loss). This equation follows, along with an
                  example of
                  one type of income called gross profit, which is discussed more below. (Note that
                  while the
                  following exhibit is listed in millions, this example lists the actual amounts.)

               
               
               
               [image: ../images/mathml_id20A7B0910E9.png]
               
               
               
               [image: ../images/mathml_id20A7B09104Y.png]
               
               
               
               Exhibit 6-9 shows two years of income statements for an organization.

               
               
               
               
                  Exhibit 6-9: Income Statements (Profit and Loss Statements) for Two Years[image: An income statement for Year 1 and Year 2, broken down into Revenue, Gross Profit, and Net Income sections. Includes speech bubbles with key financial insights. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               Note how the expense deductions occur in stages; this shows which costs
                  are the most significant. The first deduction is revenue minus the cost of goods sold
                  (COGS). This results in gross margin, which is also called gross profit. The ASCM Supply Chain Dictionary defines COGS and some related
                  terms as follows:

               
               
               
               
                  
                  Cost of
                        goods sold (COGS):
                     An accounting classification for determining the amount of direct materials, direct
                        labor, and allocated overhead associated with the product(s) sold during a given period
                        of time. See: cost of sales.

                  
                  Direct labor:
                     Labor that is specifically applied to the
                        good being manufactured or used in the performance of the service. Syn.: touch
                        labor.

                  
                  Direct material: Material that becomes a part of the final
                        product in measurable quantities.

                  
                  Overhead:
                     The costs incurred in the operation of a business that cannot be directly related
                        to the individual goods or services produced. These costs, such as utilities, supervision,
                        and maintenance, are grouped in several pools (e.g., department overhead, factory
                        overhead, general overhead) and assigned to units of goods or services by some standard
                        allocation method such as direct labor hours, direct labor dollars, or direct materials
                        dollars. Syn.: burden. See: expense.

                  
                  Fixed overhead: All manufacturing costs, other than direct labor and direct materials, that exist
                        even if products are not produced. Although fixed overhead is necessary to produce
                        the product, it cannot be directly traced to the final product.

                  
                  Variable overhead: All manufacturing costs, other than
                        direct labor and direct materials, that vary directly with production volume.
                        Variable overhead is necessary to produce the product but cannot be directly
                        assigned to a specific product.

                  
                  Gross margin:
                     The difference between total revenue and the cost of goods sold (COGS), divided by
                        the total revenue. Gross margin is expressed as a percentage. Syn.: gross profit margin.

                  

               
               
               
               Direct
                  materials and direct labor are costs that can be directly attributed to producing
                  units that
                  were actually sold during the year (or other period). Overhead costs are allocated
                  to units
                  sold in some way, such as by a percentage of the cost per unit. Factory overhead may
                  include
                  the cost of leases/ownership, depreciation, insurance, property taxes, maintenance,
                  and
                  repairs on factory property, plant, and equipment.

               
               
               
               Gross profit minus operating expenses,
                  depreciation, and interest expenses on debt results in net income (profit) before
                  taxes.
                  Operating expenses include

               
               
               
               
                  
                  
                  	
                     
                     
                     Selling expenses such as
                        salespersons’ commissions or advertising

                     
                     

                  
                  
                  
                  	
                     
                     
                     General and
                        administrative expenses such as executive and clerical wages and benefits (The ASCM Supply Chain Dictionary defines general and administrative expense (G&A) as: “The category of expenses on an income statement that includes the costs of general
                           managers, computer systems, research and development, etc.”

                     
                     

                  
                  
                  
                  	
                     
                     
                     Insurance

                     
                     

                  
                  
                  
                  	
                     
                     
                     Lease expenses such as
                        for office space or vehicles.

                     
                     

                  
                  

               
               
               
               The amount of depreciation on fixed assets for the
                  year (or other period) is also deducted. This reduces tax liability, even though it
                  is not a
                  cash expense because no money is paid out.

               
               
               
               Net income before taxes minus taxes is then net income (profit), also
                  called the net profit margin. The ASCM Supply Chain
                     Dictionary defines profit margin from a perspective
                  of gross profit margin as

               
               
               
               
                  
                  
                     1) The difference between the sales and cost of goods sold (COGS) for an organization,
                        sometimes expressed as a percentage of sales. 2) In traditional accounting, the product
                        selling price minus the direct material, direct labor, and allocated overhead for
                        the product, sometimes expressed as a percentage of selling price.
                     

                  

               
               
               
               The net profit margin is the proverbial “bottom
                  line,” and it could be positive (profit) or negative (loss). Profits might be used
                  to pay
                  off debts or to pay dividends to owners, or they could be put into cash or cash equivalents.
                  Thus, profits may improve the balance sheet while losses will make it worse.

               
               
               
               From an inventory management perspective, the raw
                  materials and work-in-process inventory that became finished goods and were sold during
                  the
                  period are included in COGS and thus become an expense that offsets revenue and reduces
                  profit. Inventory starts as a balance sheet asset and becomes an expense on the income
                  statement when it is sold.

               
               
               
               One way to increase profit is to reduce these
                  manufacturing and purchasing costs. This may include reducing variable costs such
                  as
                  materials or labor or reducing fixed costs that are summed up as overhead. Examples
                  of cost
                  savings in inventory management include investing in more-efficient equipment that
                  uses less
                  energy, reducing materials handling through process improvements, or using better
                  packaging
                  to reduce product damage and insurance costs.

               
               
               
               However, note that only the inventory that is sold
                  impacts the income statement. Inventory that has been produced but not sold, although
                  considered an asset, is neither revenue nor an expense. (The expenses are tracked
                  in the
                  enterprise resources planning system but are not entered on the income statement until
                  the
                  period in which the sale is made.) 

               
               
               
               
                  Key Point

                  
                     
                     
                     A key goal of inventory management related to the income statement is
                        to keep inventory turnover high (relative to one’s industry). The faster inventory
                        is
                        converted, the better. Revenue can be reinvested and produce profit opportunities
                        more
                        times per year.

                     
                     
                     
                     A related goal is to minimize slow selling, excess, obsolete, and
                        scrap inventories. If you increase inventory over the year without increasing sales
                        by the
                        same amount, you will be making more assets but not more revenue or profit. Inventory
                        on
                        the books is not as good as inventory that is converted into products and then sold.
                        This
                        is partly because cash is tied up in inventory and cannot be used to pay bills or
                        wages.
                        For example, scrap normally produced during production and associated with goods that
                        are
                        sold will increase the cost of goods sold (directly reducing profit) while abnormal
                        scrap
                        is expensed immediately (expenses indirectly reduce profit on the income statement
                        after
                        tax benefits are considered).

                     
                     

               
               

            
            

         
         
         
         
            
            
            Statement of Cash Flows

            
            
            
            
               
               
               The ASCM Supply Chain
                     Dictionary defines cash flow as:

               
               
               
               
                  
                  
                     1) The net flow of cash flowing into and out of the business over a specified period
                        of time. Cash flows are commonly classified by the way they were generated. Operating
                        cash flows are generated from the business' common operations. Investing cash flows
                        are generated from investing activities such as the purchase or sale of securities
                        or property, plant, and equipment assets. Financing cash flows are generated from
                        the issuance or payment of debt instruments, equity payments, or dividend payments.
                        2) The net flow of dollars into or out of a proposed project. Also called cash proceeds
                        or cash generated.
                     

                  

               
               
               
               Cash pays wages,
                  interest and principal on debt, and accounts payable. If an organization
                  has no cash on hand and cannot raise enough cash quickly, it will
                  default on its debts or fail to pay workers, and many organizations
                  have gone out of business in this way. Financial professionals perform
                  a cash flow analysis on a regular basis to determine whether cash
                  flow issues will need to be addressed in the near future.

               
               
               
               Cash flows for the year or
                  another period are summarized on a statement of cash flows, as is
                  shown in Exhibit 6-10.
                  How accountants produce this statement is beyond our scope here,
                  but some key points of how to interpret its line items are noted
                  in the exhibit. A key line of interest is the “Increase/Decrease
                  in Inventory” line, which shows whether more or less cash is tied
                  up in inventory relative to the prior period.

               
               
               
               
                  Exhibit 6-10: Statement of Cash Flows[image: A Cash Flow Statement detailing cash flow changes for Year 1 and Year 2, broken down into Operating, Investing, and Financing sections. Includes speech bubbles with key financial insights. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               From a manufacturing standpoint, cash is invested in
                  purchases of raw materials and value is added through manufacturing as the units
                  become work-in-process inventory and then finished goods. The value equals the
                  direct labor and direct materials per unit plus the amount of factory overhead a
                  given unit is allocated (called absorbing overhead). 

               
               
               
               
                  Key Point

                  
                     
                     
                     Keeping inventory moving improves liquidity and reduces
                        short-term financing requirements. While unsold inventory is not recorded as
                        revenue and a related expense until sold, it does convert cash, a very liquid
                        asset, into a different and less liquid type of asset, inventory. This is an
                        opportunity cost. The cash was paid out when the raw materials were paid for and
                        the wages and other bills were paid, but it will not be available for some other
                        purpose until the inventory is sold and paid for. The faster this investment is
                        returned, the faster the cash can be invested in new inventory or other
                        opportunities.

                     
                     

               
               

            
            

         
         
         
         
            
            
            Cost Classifications

            
            
            
            
               
               
               Costs can be classified in different ways. These
                  are not mutually exclusive classifications; they are simply different perspectives
                  for assessing the organization’s financial information. 

               
               
               
               Exhibit 6-11 summarizes
                  the purposes of these types of costs.

               
               
               
               
                  Exhibit 6-11: Purposes of Cost Classifications
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Cost
                                       Classification

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Purpose

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    COGS versus general and administrative (G&A) costs

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    External
                                       reporting

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Direct versus indirect costs

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Product
                                       pricing and performance control

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Variable versus fixed costs

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Analyzing
                                       cost behavior under different conditions

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Landed cost or total cost of ownership (TCO) versus purchase price

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Assessing the hidden costs of manufacturing and supply chain management
                                       choices

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               

            
            
            
            
               
               
               COGS and G&A Costs

               
               
               
               
                  
                  
                  The cost of goods sold (COGS) captures manufacturing costs
                     related to the inventory that is sold in the period. Manufacturing costs are
                     generally divided into three classes: materials, labor, and overhead. The first two
                     classes, materials and labor, are further subdivided into direct and indirect
                     costs.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Direct materials are everything
                           that becomes part of a finished product, whether they are raw materials
                           or components.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Indirect materials support
                           production or are used in the product but are difficult to measure.
                           They may include personal protective equipment, lubricants, hardware
                           (e.g., nails, bolts), solder, or glue.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Direct labor is the work that
                           goes into creating a unit. For example, on a car assembly line,
                           bolting on doors and attaching windshield wipers are direct labor.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Indirect labor contributes
                           to the production of the entire shop floor but not to any specific
                           product. This includes the hours of a materials-handling worker
                           who delivers inventory to multiple workstations or of the janitor
                           who cleans the shop.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Manufacturing or factory overhead is
                           everything but direct materials and labor. It includes maintenance
                           and repair, utilities, and property costs (e.g., interest, taxes,
                           insurance).

                        
                        

                     
                     

                  
                  
                  
                  Note that these costs are also called product
                     costs. The ASCM Supply Chain Dictionary defines
                     product
                        cost as:

                  
                  
                  
                  
                     
                     Cost allocated by some method to the
                           products being produced. Initially recorded in asset (inventory) accounts, product
                           costs become an expense (cost of sales) when the product is sold.

                     

                  
                  
                  
                  General and administrative (G&A) costs are also called
                     non-manufacturing costs or period costs. These costs include

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Marketing or selling costs (e.g.,
                           advertising, shipping, sales compensation and expenses, warehousing)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Administrative costs—costs
                           associated with individuals and activities involved in managing
                           the organization as a whole (e.g., accounting, human resources,
                           senior management, clerical support).

                        
                        

                     
                     

                  
                  
                  
                  The term period costs is used as the complement to product costs.
                     That is, period costs include all the costs not included in product costs. They are
                     not included in COGS. The distinction between product costs and period costs is
                     based on timing—when costs are posted to an income statement, or recognized. Unlike
                     product costs that delay recognition until the period of sale, period costs must be
                     expensed in the period in which the purchase is made. 

                  
                  

               
               

            
            
            
            
               
               
               Direct
                  and Indirect Costs

               
               
               
               
                  
                  
                  The direct and indirect cost classification
                     is also used in managerial accounting to assign costs to specific
                     cost objects, such as products, product families, jobs, or departments.
                     This helps managers make pricing decisions, analyze profitability,
                     or assess spending.

                  
                  
                  
                  The ASCM Supply Chain
                        Dictionary defines direct costs as:

                  
                  
                  
                  
                     
                     
                        1) In traditional cost accounting, variable costs that can be directly attributed
                           to a particular job or operation. Direct material and direct labor are traditionally
                           considered direct costs. 2) In activity-based cost (ABC) accounting, a cost that can
                           specifically be traced and is economically feasible to track to a particular cost
                           object (e.g., the units produced, a production line, a department, a manufacturing
                           plant).
                        

                     

                  
                  
                  
                  Direct costs can include
                     costs other than materials and labor if the cost can be traced solely
                     and specifically to that cost object. For example, if the cost object
                     is a product family and a quality analyst works only on that line,
                     the analyst’s salary may be a direct cost.

                  
                  
                  
                  An indirect cost is defined by the ASCM
                        Supply Chain Dictionary as:

                  
                  
                  
                  
                     
                     
                        A cost that is not directly incurred by a particular product unit, job, or operation.
                           Indirect costs typically are allocated to products through the application of overhead
                           rates. Examples of indirect costs include plant utilities, rent, and administrative
                           salaries.
                        

                     

                  
                  
                  
                  Take
                     the example of a quality analyst who works for the entire production
                     line rather than to improve a particular product. The analyst’s
                     salary is an indirect cost.

                  
                  
                  
                  All of the indirect costs are considered
                     overhead.

                  
                  
                  

               
               

            
            
            
            
               
               
               Variable
                  and Fixed Costs

               
               
               
               
                  
                  
                  A variable cost increases in line with
                     the number of items produced. For example, 100 items with a variable
                     cost of $10/unit will have a total variable cost of $1,000. If 200 items
                     are produced, the total variable cost is $2,000. The unit cost stays
                     the same, but the total variable cost increases.

                  
                  
                  
                  A fixed cost does not vary with the production
                     volume. For example, a manufacturer pays $1,000/month for building
                     and property insurance. It makes no difference whether the factory
                     makes 100 or 500 items a month. The insurance bill will always be
                     $1,000. These costs remain fixed within a given relevant range (e.g.,
                     above a certain volume, a new plant may be needed).

                  
                  

               
               

            
            
            
            
               
               
               Landed Cost and Total Cost of Ownership

               
               
               
               
                  
                  
                  The ASCM Supply Chain Dictionary
                     defines these terms:

                  
                  
                  
                  
                     
                     Landed cost: 
                        This cost includes the product cost plus the costs of logistics, such as warehousing,
                           transportation, and handling fees, as well as customs and duty fees. See: laid-down
                           cost.

                     
                     Total cost of
                           ownership (TCO): 
                        In supply chain management,
                           the total cost of ownership of the supply delivery system is the sum of all the
                           costs associated with every activity of the supply stream. The main insight that TCO
                           offers to the supply chain manager is the understanding that the acquisition cost
                           is
                           often a very small portion of the total cost of ownership.

                     

                  
                  
                  
                  Both landed cost and TCO include not only the purchase price but also the
                     transportation cost and the cost of inventory holding. Total cost of ownership is
                     broader, however, and also includes the cost of poor quality (rejects, scrap,
                     rework, inspections, etc.) and possibly the cost of end-of-life disposal. 

                  
                  
                  
                  Exhibit 6-12 shows how these terms relate to one
                     another.

                  
                  
                  
                  
                     Exhibit 6-12: Relationship between Cost Terminology[image: This image is a pyramid diagram representing the relationship between different cost terminologies. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  The purchase price or acquisition cost is the
                     price per unit of materials acquired from suppliers. Production cost is the cost per
                     unit of direct materials, direct labor, and factory overhead (cost of goods sold)
                     that is applied to products produced by the organization. The landed cost brings in
                     the transportation and warehousing costs plus other quantifiable costs for landing
                     the goods where they are needed such as customs costs.

                  
                  
                  
                  The total cost of ownership includes all of the
                     above costs, plus it considers all other lifetime ownership costs such as
                     durability, ongoing maintenance costs, and responsible disposal.

                  
                  

               
               
               
               
                  
                  
                  Landed Costs

                  
                  
                  
                  
                     
                     
                     Landed costs are often the most important costs
                        considered for a TCO study of the supply chain. Some important landed costs that
                        frequently differ between alternatives are

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Purchase price/production cost

                           
                           

                        
                        
                        
                        	
                           
                           
                           Transportation cost (at each stage),
                              including special packaging costs

                           
                           

                        
                        
                        
                        	
                           
                           
                           Customs and related costs (tariffs,
                              duties, taxes, fees for various intermediary services)

                           
                           

                        
                        
                        
                        	
                           
                           
                           Inventory costs (carrying, ordering, and
                              backorder costs)

                           
                           

                        
                        
                        
                        	
                           
                           
                           Outsourcing cost

                           
                           

                        
                        
                        
                        	
                           
                           
                           Monitoring and control costs, which are
                              generally higher when outsourcing is used (e.g., sending employees abroad to
                              manage the relationships).

                           
                           

                        
                        

                     
                     
                     
                     Some landed costs may or may not differ between
                        the alternatives or may be omitted from consideration to simplify analysis. 

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Product Costing

            
            
            
            
               
               
               Tradeoffs are made at the product level with regard to how
                  to determine product cost and what level of detail of information to track in order
                  to
                  support the required calculations.

               
               
               
               Basic types of product costing include:

               
               
               
               
                  
                  
                  	
                     
                     
                     Absorption
                        costing (full costing)

                     
                     
                     
                     
                        
                        	
                           
                           
                           Includes all materials, labor, and
                              manufacturing overhead (both fixed and variable overhead) as product costs

                           
                           

                        
                        
                        	
                           
                           
                           Handles all other non-manufacturing costs as
                              period costs

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Variable costing
                        (direct costing)

                     
                     
                     
                     
                        
                        	
                           
                           
                           Classifies costs by behavior

                           
                           

                        
                        
                        	
                           
                           
                           Considers variable manufacturing costs as
                              product costs: direct materials, direct labor, and variable factory overhead

                           
                           

                        
                        
                        	
                           
                           
                           Regards all other costs as period costs
                              including fixed factory overhead

                           
                           

                        

                     
                     

                  
                  

               
               
               
               Also discussed in this area are cost accumulation systems (these determine where to
                  collect
                  costs) and cost assignment systems (these determine how to allocate indirect costs).
                  Job,
                  process, and operation costing are types of cost accumulation systems. Activity-based
                  cost
                  accounting is a cost assignment or allocation system. Any of these systems can be
                  applied
                  using either absorption or variable costing principles. If being used for external
                  reporting, absorption costing must be applied; if used for internal reporting, variable
                  costing may instead be applied. Here is an overview of what each entails (these assume
                  absorption costing is being applied):

               
               
               
               
                  
                  
                  	
                     
                     
                     Job costing (job-order costing)

                     
                     
                     
                     
                        
                        	
                           
                           
                           Assigns costs to specific jobs (could be lots or batches).

                           
                           

                        
                        
                        	
                           
                           
                           Direct materials and direct labor are directly
                              assigned as product costs while variable factory overhead and fixed factory overhead
                              are assigned using a set overhead rate

                           
                           

                        
                        
                        	
                           
                           
                           Treats all other costs as period costs

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Process costing

                     
                     
                     
                     
                        
                        	
                           
                           
                           For continuous mass production

                           
                           

                        
                        
                        	
                           
                           
                           Assigns costs by process or functional area

                           
                           

                        
                        
                        	
                           
                           
                           Total costs of direct materials, direct labor, fixed factory overhead, and variable
                              overhead are summed and can be assigned as a per unit rate based on the definition
                              of a unit (e.g., barrel of oil, yard of fabric)

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Operation costing

                     
                     
                     
                     
                        
                        	
                           
                           
                           For batch manufacturing

                           
                           

                        
                        
                        	
                           
                           
                           Assigns costs by a hybrid of jobs and process

                           
                           

                        
                        
                        	
                           
                           
                           Combines elements of job costing and process costing. It is best for products that
                              differ in their raw materials (cost of specific jobs) but share many of the same
                              operations (cost of the common process)

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Activity-based cost accounting

                     
                     
                     
                     
                        
                        	
                           
                           
                           Similar to absorption costing in what costs are
                              included, but can also assign additional costs to products for managerial accounting
                              purposes including general and administrative expenses that are considered
                              product-sustaining (e.g., engineering expenses or marketing expenses directly
                              attributable to a given product)

                           
                           

                        

                     
                     

                  
                  

               
               
               
               Making good product decisions for the organization
                  requires that managers understand what goes into each product costing method or system.
                  If
                  they don’t, it will be difficult to determine cost behavior. For many organizations,
                  one
                  product cost definition does not meet all costing needs. This is where the tradeoff
                  occurs
                  in determining the costing method that best represents the information needed to make
                  good
                  product design decisions.

               
               

            
            
            
            
               
               
               Absorption
                  Costing

               
               
               
               
                  
                  
                  The traditional approach to costing a product is absorption
                        costing, or full absorption costing, defined by
                     the ASCM Supply Chain Dictionary as:

                  
                  
                  
                  
                     
                     
                        An approach to inventory valuation in which variable costs and a portion of fixed
                           costs are assigned to each unit of production. The fixed costs are usually allocated
                           to units of output on the basis of direct labor hours, machine hours, or material
                           costs. Syn.: allocation costing. See: activity-based cost accounting, activity-based
                           costing (ABC).
                        

                     

                  
                  
                  
                  Absorption costing includes in the cost-per-unit calculation all the
                     variable direct costs plus a share of fixed overhead costs for the period. Because
                     it
                     includes fixed overhead, the unit cost may vary with the level of production volume.
                     Exhibit 6-13 illustrates the
                     impact of fixed overhead on unit cost as production level changes.

                  
                  
                  
                  
                     Exhibit 6-13: Absorption Costing at Different Levels of Production
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	 
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Production of
                                          1,000 Units

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Production of
                                          1,500 Units

                                       
                                       
                                    
                                    

                                 
                                 
                              
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Direct
                                          costs

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $500,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $750,000

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Fixed
                                          overhead

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $100,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $100,000

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          Fixed overhead rate
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          0.20
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          0.13
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Unit direct
                                          cost

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $500

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $500

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Unit fixed
                                          overhead

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $100

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $67

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          Total unit cost
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          $600
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          $567
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                  
                  
                  
                  If a company produces 1,000 units and has $500,000 in
                     direct costs and $100,000 in fixed costs, the unit share of fixed overhead is
                     $100:

                  
                  
                  
                  [image: ../images/mathml_id2296D2050HS.png]
                  
                  
                  
                  If production increases by 50 percent, the
                     fixed overhead rate drops and the unit’s total cost decreases.

                  
                  
                  
                  Absorption costing complies with accounting standards and
                     can be used for reporting financial performance to external users. However, it is
                     less
                     helpful for managers who are trying to assess cost performance, since it includes
                     costs that
                     are beyond a manager’s control. In this situation, for internal purposes only, managers
                     may
                     use variable costing.

                  
                  

               
               

            
            
            
            
               
               
               Variable Costing (Direct Costing)

               
               
               
               
                  
                  
                  
                     Variable
                        costing, also called direct costing, is defined in the ASCM Supply Chain Dictionary as:

                  
                  
                  
                  
                     
                     
                        An inventory valuation method in which
                           only variable production costs are applied to the product; fixed factory overhead
                           is
                           not assigned to the product. Traditionally, variable production costs are direct
                           labor, direct material, and variable overhead costs. Variable costing can be helpful
                           for
                           internal management analysis but is not widely accepted for external financial
                           reporting. For inventory order quantity purposes, however, the unit costs must
                           include both the variable and allocated fixed costs to be compatible with the other
                           terms in the order quantity formula. For make-or-buy decisions, variable costing should
                           be
                           used rather than full absorption costing. Syn.: direct costing.
                        

                     

                  
                  
                  
                  Variable cost includes only those costs that could vary
                     depending on the level of production—materials and labor, setup costs, or utilities.
                     Exhibit 6-14 compares absorption costing to variable
                     costing. For the “Variable Costing” column, assume that the unit variable costs have
                     been
                     calculated to be $50 per unit. This does not include fixed costs, such as administrative
                     expenses, rent or leases, or insurance. Let’s see the difference variable costing
                     can make
                     in total unit cost.

                  
                  
                  
                  
                     Exhibit 6-14: Absorption versus Variable Costing
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Production of 100
                                          Units

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Absorption
                                          Costing

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Variable
                                          Costing

                                       
                                       
                                    
                                    

                                 
                                 
                              
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Direct
                                          costs

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $500,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $500,000

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Fixed
                                          overhead

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $100,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $0

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          Fixed overhead rate
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          0.20
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          N/A
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Unit direct
                                          cost

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $500

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $500

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Unit fixed
                                          overhead

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $100

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       N/A

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Unit variable
                                          overhead

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       N/A

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       $50

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          Total unit cost
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          $600
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          $550
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                  
                  
                  
                  Variable cost is helpful for
                     internal planning and analysis because it isolates those production costs that production
                     can actually control. It is therefore a managerial costing tool; it is not used for
                     financial reporting to external audiences.

                  
                  
                  

               
               

            
            
            
            
               
               
               Job Costing (Job-Order Costing)

               
               
               
               
                  
                  
                  Job costing is defined by the ASCM
                        Supply Chain Dictionary as, “ A cost accounting system in which costs are
                        assigned to specific jobs. This system can be used with either actual or standard
                        costs in the manufacturing of distinguishable units or lots of products. Syn.: job
                        order costing.”

                  
                  
                  
                  Job costing (job-order costing) is
                     used when products are produced in lots or batches or as an order manufactured to
                     a
                     customer’s specifications. Direct costs are assigned to the job. Indirect costs are
                     assigned
                     according to a set overhead rate. The overhead rate is calculated in the following
                     manner:

                  
                  
                  
                  [image: ../images/mathml_id174OAB00DX0.png]
                  
                  
                  
                  Budgeted annual
                     overhead captures indirect costs. This could be aggregated for the entire
                     facility or separated into departments. In job-order costing, factory
                     overhead (material and labor costs that cannot be traced directly
                     to a specific job) is usually applied through a predetermined overhead
                     rate.

                  
                  
                  
                  Budgeted
                     annual activity represents the organization’s capacity in number
                     of hours (labor or machine operating hours). Capacity may be defined
                     in different ways: ideal levels, practical levels (the highest throughput
                     that can be achieved with acceptable efficiency), average levels
                     historically, or forecast levels.

                  
                  
                  
                  For example, let’s look at a t-shirt factory
                     that has $100,000 in annual overhead and that budgets for 50,000
                     machine hours. Its overhead rate would be

                  
                  
                  
                  [image: ../images/mathml_id174OAF0606P.png]
                  
                  
                  
                  For every
                     hour used, the job is assigned $2 in overhead costs.

                  
                  
                  
                  Say that the t-shirt
                     manufacturer produces a batch of t-shirts for a customer. The direct
                     costs are $1,000, and the job requires 80 hours. The job cost is
                     calculated as

                  
                  
                  
                  [image: ../images/mathml_id174OAH00D4G.png]
                  
                  
                  

               
               

            
            
            
            
               
               
               Process Costing

               
               
               
               
                  
                  
                  The term
                     process costing is defined in the ASCM
                        Supply Chain Dictionary as:

                  
                  
                  
                  
                     
                     
                        A cost accounting system in which the
                           costs are collected by time period and averaged over all the units produced during
                           the period. This system can be used with either actual or standard costs in the
                           manufacture of a large number of identical units.
                        

                     

                  
                  
                  
                  Process costing
                     is used when product is continuously mass-produced and has little variation,
                     such as in oil and chemical refineries or textile production. Since
                     the product is sold by unit, overhead costs can still be assigned
                     to a unit of product (e.g., barrel, yard).

                  
                  
                  
                  Process costs are determined by period,
                     and the costing process involves these steps:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Determining how
                           much has been produced in the period and in what stage of production.
                           For example, 1,000 barrels may have been completed this month and another
                           500 may be in process.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Summing
                           equivalent unit amounts. Using the example above, if the work-in-process is
                           60 percent complete, there is the equivalent of 300 barrels in production
                           (500 times 60 percent). The total equivalent units will be 1,000
                           (work completed) plus 300 (work-in-progress), or 1,300 units.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Totaling
                           costs and allocating them by work unit. Total costs for the period
                           include direct materials and labor and factory overhead. Total costs
                           divided by the number of equivalent units yields the unit cost.
                           So if total costs at the refinery for this month are $100,000 ($50,000
                           material plus $30,000 labor plus $20,000 overhead), the unit cost
                           for the month will be $100,000 divided by 1,300 units, or about
                           $77 per unit.

                        
                        

                     
                     

                  
                  
                  

               
               

            
            
            
            
               
               
               Operation Costing

               
               
               
               
                  
                  
                  
                     Operation costing is defined in the ASCM
                        Supply Chain Dictionary as:

                  
                  
                  
                  
                     
                     
                        A hybrid cost accounting system that utilizes a combination of job costing and process
                           costing approaches. It commonly is utilized in environments where units are produced
                           in batches (as in job costing) but also undergo significant continuous processing
                           (as in process costing).
                        

                     

                  
                  
                  
                  Operation costing
                     combines elements of job-order costing and process costing. It is best
                     for products that differ in their raw materials (cost of specific
                     jobs) but share many of the same operations (cost of the common
                     process). An alternative use is for products that initially share
                     the same processing steps but then have a split-off point where
                     the products become differentiated. In other words, this method
                     helps provide costing in more complex manufacturing environments
                     where neither of the other types would work as a pure method.

                  
                  
                  
                  To use an example, the fabrication process may be almost
                     identical for two types of suits, but the most expensive suit has higher materials
                     costs (due to a better grade of fabric) and different sewing techniques that require
                     more time in late-stage processes. Costs for manufacturing the suits are therefore
                     determined by the batch being produced.

                  
                  

               
               

            
            
            
            
               
               
               Activity-Based Cost Accounting

               
               
               
               
                  
                  
                  Another
                     managerial tool for using cost to analyze and measure performance
                     is activity-based cost accounting, or activity-based costing. Activity-based
                     cost accounting looks at the costs of individual activities that
                     are required to produce a product or service. It does not replace
                     absorption costing for external reporting purposes. In manufacturing,
                     it is used to focus attention on the use of capacity in production.

                  
                  
                  
                  Activity-based cost
                        accounting is defined in the ASCM Supply Chain
                        Dictionary as:

                  
                  
                  
                  
                     
                     
                        A cost accounting system that accumulates costs based on actual activities performed
                           that consume resources and then uses cost drivers to allocate these costs to products
                           or other bases such as customers, markets, or projects. It attempts to allocate overhead
                           costs on a more realistic basis than by only using direct labor or machine hours.
                           See: absorption costing, activity-based costing (ABC).
                        

                     

                  
                  
                  
                  For clarity, we will not use ABC as an abbreviation for
                     activity-based costing because ABC can also be used in manufacturing to refer to ABC
                     classification.

                  
                  
                  
                  In absorption costing,
                     overhead is assigned in a generalized manner. In some situations—for
                     example, when a manufacturer creates different types of products
                     in the same facility—this can create a distorted view of where costs
                     are actually occurring. It can lead to uncompetitive pricing. In
                     addition, when budgeted activity drops, excess capacity is assigned
                     (through overhead) to all products. This can create an unstable
                     product cost figure and can penalize managers for costs beyond their control.

                  
                  
                  
                  In contrast, in activity-based
                     costing, only capacity that is used to produce a specific product
                     is assigned. This provides a more accurate and stable picture of
                     the costs of producing the item.

                  
                  
                  
                  A key part of activity-based costing is identifying cost drivers. The
                     ASCM Supply Chain Dictionary defines a cost object
                        driver as: “In activity-based cost accounting, a
                        numerical measure of the demand placed on one cost object by other cost
                        objects.” The concept is that some products require
                     more direct and indirect costs than others and that a one-size-fits-all approach to
                     all
                     types of costs may be unfair to some products (or cost objects). Exhibit 6-15 provides examples of manufacturing and
                     service cost drivers.

                  
                  
                  
                  
                     Exhibit 6-15: Cost Drivers[image: Illustration comparing a factory and a hotel. The factory box lists operational measures such as order volume, labor hours, scrap, and non-revenue activities. The hotel box lists capacity utilization and service level metrics.]
                  
                  
                  
                  
                  For example, product X may require more resources to
                     manufacture than product Y. This could be because X requires more setups that have
                     time-consuming machine calibration. The number of setups or setup hours might be used
                     as a
                     cost driver.

                  
                  
                  
                  The
                     steps in using activity-based costing are as follows:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Identify cost drivers.
                           For example, a product may require hazardous waste removal.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Assign
                           an overhead rate for each driver. This may be a monetary amount
                           per pound/kilogram, hour, or activity. To continue the example,
                           the cost for disposing of the hazardous waste may be $5 per pound.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Estimate
                           the number of occurrences for each driver. Again, this could be
                           the total number of pounds/kilograms or hours or number of events.
                           It may be estimated that production related to a cost object will
                           generate 5,000 pounds of hazardous waste in a period. The assigned
                           overhead cost for this driver will be $25,000.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The
                           process is repeated for all the drivers associated with the product,
                           and their overhead costs are summed into a total overhead cost.

                        
                        

                     
                     

                  
                  
                  
                  The Accounting Handbook recommends
                     limiting the number of drivers to be included in an activity-based
                     cost to those costs that are already known. This minimizes the costs
                     of measurement. Using indirect correlations will also help save
                     the costs of measurement, which can be quite high in activity-based
                     costing. For example, hazardous waste is usually removed by the
                     truckload, and each waste removal costs the same. So, rather than
                     calculating pounds of waste, the organization could measure number
                     of truckloads of waste removed during each production run and use
                     that instead of actual volume.

                  
                  
                  
                  Activity-based management uses this cost information in various
                     management tasks. The ASCM Supply Chain Dictionary defines
                     activity-based management (ABM) as:

                  
                  
                  
                  
                     
                     
                        The use of activity-based costing (ABC) information about cost pools and drivers,
                           activity analysis, and business processes to identify business strategies; improve
                           product design, manufacturing, and distribution; and remove waste from operations.
                           See: activity-based cost accounting.
                        

                     

                  
                  
                  
                  ABM is used to analyze
                     and reduce costs by identifying and reducing or removing activities
                     that do not add value and by analyzing value-added activities to
                     see if they can be performed more efficiently.

                  
                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Variance Analysis

         
         
         
         
            
            
            Here we discuss cost control and standard cost versus
               actual cost systems. These set up the concept of identifying variances in costs and
               the variance measurement process.

            
            

         
         
         
         
         
            
            
            Cost Control

            
            
            
            
               
               
               Cost control is defined in the ASCM Supply Chain Dictionary as: “Applying procedures that monitor the
                     progress of operations against authorized budgets and taking action to achieve
                     minimal costs.”

               
               
               
               Organizations aim to produce
                  their products at a targeted cost. If an organization cannot control
                  costs, it will not be able to compete effectively in its industry.
                  Cost control, also known as cost management or cost containment,
                  is a broad set of cost accounting methods and management techniques
                  with the common goal of improving business cost efficiency by reducing
                  costs—or at least restricting their rate of growth. Organizations
                  use cost control methods to monitor, evaluate, and ultimately enhance the
                  efficiency of specific areas. In order to do this, organizations
                  must have reliable data with which to make decisions.

               
               
               
               Cost control depends on
                  the analysis, recording, and reporting of results by cost accounting.
                  The key issues that cost control is concerned with include

               
               
               
               
                  
                  
                  	
                     
                     
                     Are operations meeting cost goals and standards?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Are
                        production costs under control?

                     
                     

                  
                  
                  
                  	
                     
                     
                     What
                        are the causes of cost variances?

                     
                     

                  
                  
                  
                  	
                     
                     
                     What
                        adjustments in planning and execution are necessary?

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Standard Versus Actual Cost Systems

            
            
            
            
               
               
               For internal
                  management decision making, standard cost accounting might be used (or its
                  lesser-used alternative, actual cost accounting). These are often just called
                  standard costing and actual costing. 

               
               

            
            
            
            
               
               
               Standard Cost System

               
               
               
               
                  
                  
                  Standard cost accounting systems are used for internal
                     inventory valuation purposes. The ASCM Supply Chain
                        Dictionary defines some relevant terms.

                  
                  
                  
                  
                     
                     Standard cost
                           accounting system: 
                        A cost accounting system
                           that uses cost units determined before production for estimating the cost of an
                           order or product. For management control purposes, the standards are compared with
                           actual costs, and variances are computed.

                     
                     Standard costs: 
                        The target costs of an operation, process,
                           or product, including direct material, direct labor, and overhead
                           charges.

                     

                  
                  
                  
                  Using standard costs allows managers to track and control costs
                     without having to examine every transaction in detail. A benefit of a standard
                     costing system is that accountants can record the standard costs immediately as an
                     operation occurs, generating data for both internal decision making and external
                     financial reporting. Later, when the invoices have been paid and the operations have
                     occurred, they make adjustments to the records in a separate account so that both
                     the actual amounts and the quantity and rate variances from the standards can be
                     analyzed. Standards that show regular variances may need review either to find the
                     root cause or to update the standard to be more realistic.

                  
                  
                  
                  In standard costing, target values for an operation, process, or product are
                     predetermined at the beginning of a planning period. Standard hours, standard
                     material amounts and costs, and so on are used to estimate direct materials, direct
                     labor, and factory overhead costs. At the end of the period, once all actual costs
                     are known, these estimates are adjusted by stating the differences as variances.
                     Actual cost is reflected in the final adjusted accounting entries.

                  
                  
                  
                  Standard
                     costs are based on estimates or studies of actual use by production and engineering
                     of the direct materials, direct labor, and overhead required to make a single unit
                     of an item. If a standard cost system is used for inventory, there will be a
                     standard set for the rate (cost per unit) and the volume (quantity of units). For
                     operations, this can be broken down into inputs of raw materials in cost and
                     quantity as well as outputs of finished goods in cost and quantity. For purchased
                     materials, there will be a standard cost per unit. There may be either a standard
                     quantity, or quantity targets could be allowed to vary with demand.

                  
                  
                  
                  Variations in either cost or quantity of any of
                     the factors of standard costs will cause variations in actual from standard costs.
                     Identifying variances in cost is vital for controlling costs and improving
                     efficiency and profitability. Variances in quantity can signal a need to check scrap
                     factors or better control inputs. 

                  
                  
                  

               
               

            
            
            
            
               
               
               Actual Cost System

               
               
               
               
                  
                  
                  An alternate to standard costing is to use actual costing. In this
                     method, actual item costs are tracked by lot, batch, or order. This method can be
                     used when item costs may fluctuate greatly between inventory purchases. A
                     disadvantage is that actual costs may not be known for some time, so the information
                     has less timeliness. Since a main purpose of costing is to enable timely management
                     decision making, this method is not as popular as standard costing.

                  
                  
                  
                  The ASCM Supply Chain Dictionary defines actual
                        cost system as “A cost system that collects costs
                        historically as they are applied to production and allocates indirect costs to
                        products based on the specific costs and achieved volume of the
                        products.”

                  
                  
                  
                  Actual costs are compared against budget estimates
                     in engineer- and make-to-order environments because the variety is relatively high
                     and the volume is low. Examples include custom home builders, airplane
                     manufacturers, shipbuilders, and machine tool manufacturers. When production
                     processes are generally not performed frequently or repetitively enough, it is
                     difficult to develop meaningful standard costs for individual products.

                  
                  
                  
                  As companies become more repetitive in their
                     making or buying of items, they begin to face the complications of tracking actual
                     costs, which tends to promote moving to a standard cost system.

                  
                  
                  
                  Even when a
                     standard cost system is used, actual costs do eventually need to be collected and
                     accounted for. Actual costs are labor, material, and associated overhead costs that
                     are charged against a job or other cost object as it moves through the production
                     process. Methods used to capture variances in cost include inventory valuation and
                     examination of scrap, rework, repairs, returns, and defective output.

                  
                  

               
               

            
            
            
            
               
               
               Standard Versus Actual Cost Comparison

               
               
               
               
                  
                  
                  Exhibit 6-16 summarizes the differences
                     between standard and actual cost systems.

                  
                  
                  
                  
                     Exhibit 6-16: Standard Versus Actual Cost Systems
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                    
                                    	 
                                    
                                    
                                    	
                                       
                                       
                                       Standard Cost

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Actual Cost

                                       
                                       
                                    

                                 
                              
                              
                              
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Description

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Assign standard, predetermined cost for material, labor,
                                          and overhead given actual information on volumes but
                                          before actual costs are known. 

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Record actual cost incurred for materials, labor, and
                                          overhead as soon as data is available.

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Cost basis

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Standards are based on what costs should be
                                          (predetermined estimates), given efficient operating
                                          conditions. 

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Uses real-time, historical data on incurred cost without
                                          relying on estimates.

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Purpose

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Proactive planning and budgeting approach. Variances from
                                          actual costs known later can be analyzed to find
                                          exceptions or inefficiencies. 

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Tool for cost control and planning. It cannot be used
                                          directly in actual cost accounting for financial
                                          reporting, but forms source data.

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Accuracy

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Not immediately accurate, but accurate after variances
                                          are accounted.

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Accurate information can be used as inputs to financial
                                          statements.

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Complexity

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Simpler for cost tracking, but variance analysis and
                                          accounting can be complex.

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Complexity exists due to the difficulty in tracking and
                                          recording fluctuating costs.

                                       
                                       
                                    

                                 
                              

                           

                        
                        

                     
                  
                  
                  
                  Since standard cost systems use actual costs during variance analysis to reconcile
                     standard and actual costs (e.g., recording a material cost variance), the costs in
                     this system are eventually transformed into actual costs when these variance
                     adjustments are included, so standard costing eventually ends up being as accurate
                     as actual costing. The underlying data can be used to comply with U.S. GAAP or IFRS
                     requirements that inventory and cost of goods sold be ultimately based on actual
                     costs.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Identifying Variances in Costs

            
            
            
            
               
               
               Variance is defined by the ASCM Supply Chain
                     Dictionary as: “ 1) The difference between the expected (budgeted
                     or planned) value and the actual value. 2) In statistics, a measurement of
                     dispersion of data. See: estimate of error.”

               
               
               
               Note that
                  the budget could be fixed—set for a certain volume of sales—or it could be variable
                  or flexible. In the latter type, the variable cost targets related to sales volume
                  are automatically adjusted as the sales volume changes. In such a case, the volume
                  target for inventory variances will be higher if sales are higher and lower if sales
                  are lower. This type of budget avoids problems such as needing to explain a negative
                  cost variance that was due to higher sales volume.

               
               
               
               Amounts above the projected or budgeted cost
                  are negative variances, and amounts below the target cost are positive variances.
                  (The opposite would be true for revenue/profit variances.) The degree of variance
                  is
                  important. Often there will be a threshold set so that variances above a certain
                  level are considered material (significant and needing management review) and
                  variances below the threshold are immaterial (insignificant and attributed to random
                  variation). Even material positive variances may need a review, as someone could
                  have used poor business practices (e.g., below-grade materials) or could have had
                  a
                  breakthrough to be emulated.

               
               
               
               Controlling
                  costs and measuring variances is a way to ensure process conformance and adherence
                  to quality standards. The measurement of cost variances in manufacturing is
                  important because it indicates how well production is performing against plans from
                  a cost standpoint. The ASCM Supply Chain
                     Dictionary defines cost variance as: “The difference between a budgeted or projected cost and actual cost.”

               
               
               
               There are two common methods for determining cost
                  variances:

               
               
               
               
                  
                  
                  	
                     
                     
                     Comparing actual costs to costs budgeted
                        at the beginning of the planning period (usually a year)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Comparing actual costs to standard costs
                        based on practical standards

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Variance Analysis Review

               
               
               
               
                  
                  
                  Budget analysis
                     compares the budget to actual results. Standard cost accounting compares
                     standard costs to actual results. Both assess cost performance through variance
                     analysis. Variance analysis can use a plan-do-check-action approach to improving
                     performance.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Define a budget or standard costs.
                           Budgeting may involve a process similar to pyramid forecasting in that
                           budget requirements are often developed from the bottom up but are evaluated
                           against strategy and constraints from the top down, resulting in a set of
                           cost goals for the period. Standard costs can be set using historical
                           performance data or they can be aspirational (needed but feasible
                           improvements). Manufacturing standards are defined for

                        
                        
                        
                        
                           
                           
                           	
                              
                              
                              Materials, based on cost at the
                                 time of purchase

                              
                              

                           
                           
                           
                           	
                              
                              
                              Labor at the point of
                                 production

                              
                              

                           
                           
                           
                           	
                              
                              
                              Variable manufacturing
                                 overhead. (Variance analysis is not usually performed for fixed
                                 overhead because these items, e.g., insurance, are outside the
                                 control of operations managers.)

                              
                              

                           
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Measure and analyze the variance. A
                           variance may be favorable or unfavorable, and the degree of variance is also
                           measured. There may be a threshold that, if surpassed, triggers a management
                           exception review. There are different measures for materials, labor, and
                           factory overhead variances.

                        
                        
                        
                        
                           
                           
                           	
                              
                              
                              Materials variances are measured by quantity used (material
                                 usage variance) and price (purchase price variance). The ASCM Supply Chain Dictionary
                                 defines material usage variance as: “The difference between the
                                    planned or standard requirements for materials to produce a given item and the
                                    actual quantity used for a particular instance of manufacture.” Purchase price variance
                                    (PPV) is defined as: “The difference between the amount paid to the supplier and the purchase order (PO)
                                    cost or standard cost of that item.” Unfavorable usage variances can relate to scrap caused by poorly
                                 trained workers or poorly calibrated or maintained equipment. Price
                                 variances are related to supply and demand as well as purchase
                                 volume decisions.

                              
                              

                           
                           
                           
                           	
                              
                              
                              Labor variances are measured by labor efficiency variance
                                 (how much should have been used to produce defined output), plus
                                 other variances such as variances in wage rates (labor rate
                                 variance), in labor mix (standard versus actual skill levels), and
                                 yield (labor efficiency variance or actual versus expected
                                 output).

                              
                              

                           
                           
                           
                           	
                              
                              
                              Overhead variances are measured by spending and by
                                 efficiency (what should have been spent for defined output).

                              
                              

                           
                           
                           
                           	
                              
                              
                              Cost center variances are variances related to specific cost
                                 centers.

                              
                              

                           
                           
                           
                           	
                              
                              
                              Scrap variances include assembly scrap, component scrap, and
                                 operation scrap.

                              
                              

                           
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Determine changes that will produce
                              improvement, for example, different budget incentives,
                           reengineered processes, new suppliers or contracts, training programs,
                           quality inspections.

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           Implement the changes.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           Remeasure variances.
                           

                        
                        

                     
                     

                  
                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Financial Performance Measures and Inventory Finance

         
         
         
         
            
            
            Aggregate inventory management is concerned with how
               inventory levels impact the balance sheet and the income statement as well as the
               timing of the flow of cash into and out of the organization. We also discuss
               inventory metrics such as inventory turnover and days of supply. After that we
               define inventory accounting and various types of inventory valuation. We look at
               standard versus actual cost accounting, tracking variances from inventory targets,
               and transfer pricing.

            
            

         
         
         
         
         
            
            
            Financial Inventory Performance Measures

            
            
            
            
               
               
               One simple way to measure the performance of inventory
                  is to measure the unit
                     cost, which the ASCM Supply Chain Dictionary defines as: “Total labor, material, and overhead cost for
                     one unit of production (e.g., one part, one gallon or one pound).”

               
               
               
               These costs are said to be value added from an accounting perspective,
                  but they may or may not be value added from a customer utility perspective. The ASCM Supply Chain Dictionary defines value added
                  as:

               
               
               
               
                  
                  
                     1) In accounting, the addition of direct labor, direct material, and allocated overhead
                        assigned at an operation. It is the cost roll-up as a part goes through a manufacturing
                        process to finished inventory. 2) In manufacturing, the actual increase of utility
                        from the viewpoint of the customer as a part is transformed from raw material to finished
                        inventory. It also refers to the contribution made by an operation or a plant to the
                        final usefulness and value of a product, as seen by the customer. The objective is
                        to eliminate all non-value-added activities in producing and providing a good or service.
                     

                  

               
               
               
               Other financial inventory performance measures help
                  show how quickly cash is converted into inventory and then back into cash (or an account
                  receivable and then cash). These are measures of velocity,
                  which the ASCM Supply Chain Dictionary defines as:

               
               
               
               
                  
                  
                     1) The rate of change of an item with respect to
                        time. See: inventory turnover, lead time. 2) In supply chain management, a term used
                        to indicate the relative speed of all transactions, collectively, within a supply
                        chain community. A maximum velocity is most desirable because it indicates higher
                        asset turnover for stockholders and faster order-to-delivery response for
                        customers.
                     

                  

               
               
               
               Velocity measures include inventory turnover,
                  average age of inventory, and days of supply.

               
               

            
            
            
            
               
               
               Inventory
                  Turnover

               
               
               
               
                  
                  
                  Inventory turnover reflects the average amount of time an organization
                     holds inventory before the inventory generates income. In general, higher inventory
                     turnover levels are desired, because they show that inventory is quickly being converted
                     into revenue; little excess inventory is being carried. However, the normal range
                     will
                     differ by industry.

                  
                  
                  
                  Inventory turnover can be calculated using average inventory.
                     Average inventory can be calculated from the balance sheet if two or more years are
                     shown,
                     since the inventory at the beginning of the year is the same as that at the end of
                     the
                     prior year. Here is one way to calculate average inventory. (Note: Numbers have been
                     inserted as examples.)

                  
                  
                  
                  [image: ../images/mathml_id20A7B0B0XXW.png]
                  
                  
                  
                  The other input for
                     inventory turnover is the annual cost of goods sold (COGS), which is listed on the
                     income
                     statement. The calculation for inventory turnover follows (again including numbers
                     as
                     examples):

                  
                  
                  
                  [image: ../images/mathml_id20A7B0BD0QN.png]
                  
                  
                  
                  This organization
                     invests cash into inventory and gets it back 2.77 times per year.

                  
                  
                  
                  For example, our case study fast-fashion business has an annual COGS of
                     U.S.$60 million and an average inventory value of U.S.$2 million. It therefore has
                     30
                     inventory turns per year.

                  
                  
                  
                  [image: ../images/mathml_id176DE000DQV.png]
                  
                  
                  
                  Is this good or bad?
                     The result must be considered in context. Thirty turns may be high for an appliance
                     manufacturer but average for a retailer specializing in selling the latest
                     styles.

                  
                  

               
               

            
            
            
            
               
               
               Average Age of
                  Inventory

               
               
               
               
                  
                  
                  Related to inventory turnover is the average age of
                     inventory. This metric can point to problems related to obsolescent inventory. The
                     formula
                     for calculating the average age of inventory is

                  
                  
                  
                  [image: ../images/mathml_id176DE0P0SZB.png]
                  
                  
                  
                  For example, the fast
                     fashion retailer has an average age of inventory of 12.2 days:

                  
                  
                  
                  [image: ../images/mathml_id176DE0RE0LU.png]
                  
                  
                  
                  As the basis for
                     assessing its inventory performance, the fast fashion retailer can track its age of
                     inventory. A drop might indicate the success of recent marketing techniques. A trending
                     increase might call for an analysis of possible causes.

                  
                  
                  

               
               

            
            
            
            
               
               
               Days of
                  Supply

               
               
               
               
                  
                  
                  The ASCM Supply Chain Dictionary
                     defines days of
                        supply (DOS) as:

                  
                  
                  
                  
                     
                     
                        1) Inventory-on-hand metric converted from units to how long the units will last.
                           For example, if there are 2,000 units on hand and the company is using 200 per day,
                           then there are 10 DOS. 2) A financial measure of the value of all inventory in the
                           supply chain divided by the average daily cost of goods sold (COGS) rate.
                        

                     

                  
                  
                  
                  The days of supply metric shows
                     how many days existing inventory will last (before reaching zero or requiring use
                     of
                     reserve or safety stock) at the anticipated demand rate if nothing new were to be
                     produced. Days of supply may go down to zero inventory or to a safety stock level.
                     (If so,
                     safety stock would be excluded from the calculation.) The equation is as follows.
                     (The
                     example is from the above definition.)

                  
                  
                  
                  [image: ../images/mathml_id20A7B0C0DBI.png]
                  
                  
                  
                  Days of supply helps
                     inventory planners determine order frequency. They can also use the inventory average
                     of
                     days of supply to balance the days of supply for individual items. For example, inventory
                     policy might be set using days of supply to have each type of unit have 10 days of
                     supply.
                     For slow-selling inventory, this might be very few units; for fast-selling items,
                     it might
                     be many. Days of supply can also be used to determine when to reorder. For example,
                     if 10
                     days is the lead time required to get more inventory, then 10 days of supply should
                     be
                     ordered.

                  
                  
                  
                  In general, organizations want to
                     keep days of supply low, or at least low enough to maintain a targeted customer service
                     level.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Inventory Valuation

            
            
            
            
               
               
               Inventory accounting is defined in the ASCM Supply Chain Dictionary as:

               
               
               
               
                  
                  
                     The branch of accounting dealing
                        with valuing inventory. Inventory may be recorded or valued using either a perpetual
                        or a periodic system. A perpetual inventory record is updated frequently or in real
                        time, while a periodic inventory record is counted or measured at fixed time
                        intervals (e.g., every two weeks or monthly). Both recording systems use the last
                        in, first out; first in, first out; or average costs inventory valuation
                        method.
                     

                  

               
               
               
               On the financial
                  statements, the value of inventory needs to be estimated in some
                  way, since the market value cannot be known for certain until a
                  sale is made. When inventory is produced or purchased, these costs
                  can be recorded, but, because of inflation, these costs tend to
                  rise over time. Prices might also fall. If prices are changing quickly
                  or inventory is held for many years, the accounting method chosen can
                  result in a high or low inventory value in comparison to the actual
                  market value. The main requirement is to pick a method and stick
                  with it, since any change requires justification and will make it
                  harder to interpret the financial statements. For example, the U.S.
                  Internal Revenue Service (IRS) requires organizations to commit
                  to one method during their first year of filing tax returns and
                  changing the method in a subsequent year requires obtaining the
                  IRS’s permission to do so.

               
               
               
               The value of this inventory
                  appears on an organization’s balance sheet/statement of financial
                  position (under assets), and sold inventory appears on the income
                  statement (under cost of goods sold [COGS]). These statements help
                  assess the organization’s performance. Inventory value is used in
                  certain financial ratios, such as inventory turns, to assess the
                  organization’s ability to manage inventory investments. This information
                  can support future decisions about purchasing inventory.

               
               
               
               Inventory reported
                  on the balance sheet includes raw materials, work-in-process, and finished
                  goods that have not been sold. It does not include MRO (maintenance,
                  repair, and operating supplies) inventory.

               
               
               
               Reported inventory is assigned value in a transparent
                  manner that conforms to accounting standards. In the United States, accountants
                  follow generally accepted accounting principles (GAAP), which the ASCM Supply Chain Dictionary defines as: “Accounting practices that conform to conventions, rules, and procedures that are generally
                     accepted by the accounting profession in the United States. See: International Financial
                     Reporting Standards (IFRS).” GAAP allows four methods of accounting for the value of inventory: first-in,
                  first-out (FIFO); last-in, first-out (LIFO); average cost (or weighted average
                  cost); and specific identification. In most of the rest of the world, only FIFO,
                  average cost, and specific identification are allowed (under the International
                  Financial Reporting Standards, IFRS). If your organization is a public firm that
                  publishes financial statements, it will be using one of these methods even if you
                  don’t know it, since the methods are basically used only for updating the enterprise
                  resources planning (ERP) system’s records and preparing financial statements.

               
               
               
               Neither FIFO, LIFO, average cost, or specific
                  identification has anything to do with how inventory is actually picked in the
                  warehouse. That is, picking is dictated by its own requirements such as perishable
                  inventory being picked from the oldest items first, which is sometimes called
                  first-in, first-out, but the same warehouse might use a different method for
                  nonperishable inventory. Conversely, a company that sells bricks might always have
                  to pick inventory from the top (newest placed there) due to the difficulty of
                  getting at older items, and this is sometimes called last-in, first-out. For such
                  a
                  company, this would not be much of a hardship because the product does not lose much
                  value with age. 

               
               

            
            
            
            
               
               
               First in, First out (FIFO)

               
               
               
               
                  
                  
                  The ASCM Supply Chain
                        Dictionary defines first in, first out
                        (FIFO) as: “1) A method of inventory valuation for accounting purposes. The assumption is that
                        the oldest inventory (first in) is the first to be used (first out). This may or may
                        not be related to the actual physical movement of specific items. See: average cost
                        system; first-come-first-served (FCFS) rule; last in, first out (LIFO). 2) An inventory
                        management method in a warehouse or distribution center (DC) in which the oldest units
                        remaining in inventory for a given part or product are the first items picked. This
                        method is especially useful in managing the inventory of perishable products to limit
                        product expiration.”

                  
                  
                  
                  With the FIFO method,
                     the first unit put into inventory is the first unit removed from the
                     ERP system’s inventory records when a sale occurs. The oldest items
                     are sold first. When prices are rising, the recorded COGS will be
                     less than the actual current COGS because of the higher cost of
                     replacement inventory, thus understating these costs. When prices
                     are falling, the opposite is true. The value of unsold inventory
                     will be fairly current.

                  
                  

               
               

            
            
            
            
               
               
               Last in, First Out (LIFO)

               
               
               
               
                  
                  
                  The ASCM Supply Chain
                        Dictionary defines last in, first out
                        (LIFO) as: “A method of inventory valuation for accounting purposes that assumes that the most
                        recently received (last in) items are the first to be used or sold (first out) for
                        costing purposes, but this behavior does not necessarily match the physical movement
                        of specific items. See: average cost system; first in, first out (FIFO).”

                  
                  
                  
                  With LIFO, the last unit put into inventory is the first
                     removed from the ERP inventory records when there is a sale, and the newest items
                     are sold first. Whether prices are rising or falling, the recorded COGS will be the
                     actual current cost of goods sold, since the cost of the materials reflects the most
                     recent purchases, which makes it appealing to organizations for fast rising costs
                     so
                     the recent costs and recent revenue can be comparable. The problem with this method
                     comes with the valuation of unsold inventory, since it reflects the costs of the
                     oldest unsold inventory. When prices are falling, existing inventory will be
                     overvalued; when prices are rising, it will be undervalued. Given price increases
                     from inflation over longer periods of time, this value can become grossly
                     understated.

                  
                  
                  
                  The fact that LIFO lowers the value of inventory in periods
                     of rising prices makes this method appealing for tax purposes (in periods of rising
                     prices, one can match recent, higher costs against revenue). However, it does not
                     provide an accurate picture of inventory investment and for this reason LIFO is not
                     a generally accepted practice under the International Financial Reporting Standards
                     (IFRS). Under U.S. GAAP, it is allowed only if it is consistently applied, used for
                     both financial reporting and tax reporting, and disclosed (including disclosing the
                     LIFO reserve (difference between LIFO and FIFO inventory values)). LIFO is primarily
                     used just in the U.S. since much of the rest of the world uses IFRS.

                  
                  

               
               

            
            
            
            
               
               
               Average Cost System (Weighted Average Cost)

               
               
               
               
                  
                  
                  The average cost system, also called the weighted average
                     cost, is the average of all costs paid for or internally invested in inventory for
                     COGS and balance sheet inventory valuation. It is basically an average of the oldest
                     and newest costs, so the valuation falls somewhere between FIFO and LIFO. Because
                     it
                     is an average, it does not reflect actual prices paid whether prices are rising or
                     falling. The result may vary greatly from actual cost if costs are not stable. This
                     method is often used for bulk items like crude oil that cannot be specifically
                     identified.

                  
                  

               
               

            
            
            
            
               
               
               Specific Identification

               
               
               
               
                  
                  
                  The ASCM Supply Chain
                        Dictionary defines specific
                        identification as:

                  
                  
                  
                  
                     
                     
                        A method of keeping track of the
                           units of the beginning inventory and the units purchased—that is, specific
                           identification of the purchase cost of each item. This may be done through a coding
                           method or serial number identification.
                        

                     

                  
                  
                  
                  Specific identification is generally used
                     for very expensive items, especially those that are maintained at
                     low inventory levels (e.g., yachts).

                  
                  

               
               

            
            

         
         
         
         
            
            
            Transfer Pricing

            
            
            
            
               
               
               When organizations are working with subsidiaries in
                  different countries, they can select an internal price for transferring goods
                  between the subsidiaries. This is called a transfer price.

               
               
               
               Transfer pricing is defined in the ASCM Supply Chain Dictionary as: “The pricing of goods or services
                     transferred from one segment of a business to another. See: interplant
                     transfer.” The goals of transfer pricing include to minimize the risk of double taxation,
                  to transfer inventory between business segments in a way that promotes
                  organizational transfer pricing goals and policies, to minimize disputes with tax
                  authorities, and to provide transparency and consistency in financial
                  transactions.

               
               
               
               Various transfer pricing methods can be used, from selling at
                  cost, to selling at market price (called at “arm’s length”), to selling at a
                  negotiated price. The method chosen will create different incentives between the two
                  subsidiaries. For example, selling at cost promotes more internal buying while
                  selling at market price promotes considering external sources. 

               
               
               
               The arm’s length transfer pricing method for selling at market price follows the
                  arm’s length principle: intersubsidiary transactions are priced as if they are
                  between unrelated parties operating in a competitive market. Adherence to this
                  principle ensures fair and consistent pricing that reflects market conditions. It
                  is
                  promoted by governments as it complies with tax regulations to prevent profit
                  shifting (transferring profits out of a high-tax country to a low-tax country) or
                  tax evasion.

               
               
               
               Transfer pricing is highly scrutinized by tax authorities and
                  transfer prices are subject to numerous regulations to prevent misuse. Transfer
                  pricing does not affect the choice of inventory valuation methods. The receiving
                  organization will still choose one of the underlying valuation methods to value this
                  inventory.

               
               

            
            

         
         
   
      
         
         
         
         Section C: Inventory Management

         
         
         
         
            
            
            
               After completing
                  this section, students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Distinguish between
                     order point and periodic review techniques used to time orders and
                     understand their push and pull replenishment qualities

                  
                  

               
               
               
               	
                  
                  
                  Utilize appropriate push or pull replenishment methods 

                  
                  

               
               
               
               	
                  
                  
                  Provide examples of
                     order point triggers

                  
                  

               
               
               
               	
                  
                  
                  Use appropriate techniques to determine inventory levels
                     while considering operational constraints and
                     service trade-offs 

                  
                  
                  
                  
                     
                     	
                        
                        
                        Appropriate dynamic techniques

                        
                        

                     
                     
                     	
                        
                        
                        Appropriate fixed techniques

                        
                        

                     

                  
                  

               
               
               
               	
                  
                  
                  Understand how
                     economic order quantity (EOQ) levels may provide the basis for decisions on
                     order quantity constraints and allowed modifiers

                  
                  

               
               
               
               	
                  
                  
                  Describe lot size
                     techniques (e.g., fixed order quantity, lot for
                     lot)

                  
                  

               
               
               
               	
                  
                  
                  Describe inventory
                     order constraints and provide examples of order modifiers

                  
                  

               
               
               
               	
                  
                  
                  Understand how
                     different manufacturing environments can affect use of EOQ

                  
                  

               
               
               
               	
                  
                  
                  Calculate safety stock and/or days of supply (DOS) needs
                     based on inventory costs and customer service level
                     objectives 

                  
                  
                  
                  
                     
                     	
                        
                        
                        Explain
                           the role of safety stock in inventory management
                           and the statistical, time period, and fixed
                           methods of determining the safety stock level

                        
                        

                     

                  
                  
                  
                  
                     
                     	
                        
                        
                        Explain
                           how to correctly use safety lead time to reduce
                           uncertainty while only temporarily increasing
                           inventory levels

                        
                        

                     

                  
                  

               
               
               
               	
                  
                  
                  Manage maintenance,
                     repair, and overhaul (MRO) inventories based on
                     appropriate inputs 

                  
                  

               
               
               
               	
                  
                  
                  Understand special handling requirements of inventory to
                     comply with regulations, environmental standards,
                     and protocols of material handling, personal
                     protective equipment (PPE), and safety 

                  
                  

               
               

            
            
            
            This section gets down to the item-level inventory management
               tasks, including determining how much inventory to order and when to
               order it. Specific planning methodologies for lot size, order
               points, safety stock, and safety lead time are discussed. This
               includes item ordering policies such as the order point and min-max
               systems and periodic and visual review. For order size, it includes
               dynamic and fixed order quantity lot-size techniques for MRP
               (material requirements planning) ordering—economic order quantity,
               lot for lot, and period order quantity (order n periods of demand). In
               addition to these methods of replenishing inventory, we also address
               how to calculate the proper level of safety stock for a given
               customer service level target. We conclude with a discussion of
               special inventory.

            
            

         
         
         
         
   
      
         
         
         
         Push or Pull Replenishment

         
         
         
         
            
            
            Here we focus on four methods of ordering inventory for replenishment.
               This includes two order point systems. In order point systems, inventory review is
               continuous and resupply is determined by the amount of inventory on hand. One method
               orders
               in fixed lot sizes such as by using the economic order quantity (EOQ) or another fixed
               order
               quantity and the other method is called min-max.

            
            
            
            We also focus on two fixed order period systems, which are commonly
               called periodic review systems. In periodic review, inventory review is conducted
               at defined
               intervals rather than continuously. Resupply is determined by the amount of inventory
               on
               hand at the time of review. The amount to order may be fixed or variable. The fixed
               order
               version orders a fixed quantity if a minimum inventory level has been reached. The
               variable
               method is an “order up to” method that orders just enough to get back to the base
               stock
               level.

            
            
            
            We also differentiate various ways to perform inventory reviews:
               perpetual inventory systems, visual review systems (actually observing the amount
               of
               inventory), and kanban systems.

            
            

         
         
         
         
         
            
            
            Inventory Ordering Decision Rules Overview

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary defines an inventory ordering
                     system as: “An inventory model for the replenishment of inventory. Independent demand inventory
                     ordering systems include fixed reorder cycle, fixed reorder inventory model, optional
                     replenishment, and hybrid models, among others. Dependent demand inventory ordering
                     systems include material requirements planning, kanban, and drum-buffer-rope.”

               
               
               
               When ordering resupply of independent demand inventories, there are just two factors
                  to consider: 

               
               
               
               
                  
                  
                  	
                     
                     
                     Quantity: How much to order

                     
                     

                  
                  
                  
                  	
                     
                     
                     Timing: When to order

                     
                     

                  
                  

               
               
               
               Since each factor could be either fixed or variable, this creates at least four
                  inventory ordering decision rules in a quadrant, as shown in Exhibit 6-17.

               
               
               
               
                  Exhibit 6-17: Inventory Ordering Decision Rules
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Quantity: Fixed

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Quantity: Variable

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Timing: Variable (types of order point systems with
                                          continuous review of inventory levels)

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Order point system with continuous review and fixed order
                                       quantity

                                    
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Economic order quantity (EOQ) may be used for lot
                                             size to order.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Common denotation: (s, Q), Q is fixed
                                             quantity and s is order when inventory drops to
                                             level s.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Alternate denotation: (Q, R), Q is fixed quantity
                                             and R is place order when inventory drops to level
                                             R.

                                          
                                          

                                       

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Order point system with continuous review and variable
                                       order quantity (order up to)

                                    
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Min-max systems: When “min” is reached, order
                                             enough to reach the “max.”

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Common denotation: (s, S), s is the min
                                             and S is the max.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Alternate denotation: (S, R), R is the min and S
                                             is the max.

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Timing: Fixed (types of periodic review
                                          systems)

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Periodic review of inventory levels with a fixed order
                                       quantity

                                    
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Fixed order period with minimum. Common
                                             denotation: (R, s, Q), R is review every R
                                             periods and place fixed quantity order Q only if
                                             inventory level has dropped to level s.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          A less used method for very stable demand items
                                             is a standing order for Q: (Q, T), reorder period
                                             T and quantity Q are truly fixed, such as for a
                                             milk run of “C” items. Not discussed further.

                                          
                                          

                                       

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Periodic review of inventory levels with a variable order
                                       quantity (order up to base stock level)

                                    
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Common denotation: (R, S), R is review
                                             every R periods and place order to raise inventory
                                             to level S, the base stock level.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Alternate denotation: (S, T), T is review every T
                                             periods and place order to raise inventory level
                                             to S, the base stock level.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Time-phased order point (TPOP) behaves this way
                                             but S is recomputed in a time-phased manner.

                                          
                                          

                                       

                                    
                                    
                                 

                              
                           

                        

                     
                     

                  
               
               
               
               In this rest of this section, we will use just the more common of the notations shown
                  in the exhibit.

               
               

            
            

         
         
         
         
            
            
            Order Point with Fixed Order Quantity Systems

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary
                  defines order point systems and related terms.

               
               
               
               
                  
                  Order point system:
                     An inventory replenishment system based on the stock on hand plus on order. Syn.:
                        statistical order point system. See: order point, reorder point (ROP), fixed order
                        quantity (FOQ) inventory model, hybrid inventory system.

                  
                  Order point:
                     A set inventory level where, if the total stock on hand plus on order falls to or
                        below that point, action is taken to replenish the stock. The order point is normally
                        calculated as forecasted usage during the replenishment lead time plus safety stock.
                        Syns.: reorder point (ROP), statistical order point, trigger level. See: fixed order
                        quantity (FOQ) inventory model.

                  
                  Replenishment lead time:
                     The total period of time that
                        elapses from the moment it is determined that a product should be reordered until
                        the product is back on the shelf available for use. Syn.: reorder
                        cycle.

                  

               
               
               
               In an order point system with fixed order quantity,
                  commonly denoted (s, Q), a fixed quantity order Q is placed when inventory falls below
                  the
                  order point s. The timing of when to order varies because the inventory is under continuous
                  review and so the time when the inventory falls below the order point could vary.

               
               
               
               Such a system is also referred to as a statistical order point system
                  because the order point is determined based on forecast demand during lead time (DDLT).
                  That
                  is, demand follows a predictable slope that is based on the average demand (the mean
                  of a
                  bell curve) during the average time it takes to replenish the supply. The order point
                  is
                  allowed to be sooner than normal if demand is higher than average and later than normal
                  if
                  demand is lower than average.

               
               
               
               The inventory reorder point will also account for any
                  required safety stock.

               
               
               
               The formula for calculating the order point (s)
                  is

               
               
               
               [image: ../images/mathml_id176FF0TE0NF.png]
               
               
               
               Fixed order quantity systems are commonly used for
                  both high-volume finished goods with independent demand and for dependent demand items
                  as
                  long as these items have stable and continuous demand. It is also used for MRO (maintenance,
                  repair, and operating) supplies and when lot sizes are constrained by shipping or
                  storage
                  capacity. It is not used for high-value (“A” class) items because of inventory costs.

               
               
               
               Exhibit 6-18 illustrates this method.

               
               
               
               
                  Exhibit 6-18: Order Point s with Fixed Order Quantity Q (s, Q)[image: The image illustrates an inventory management concept where “s” (Order Point) equals “DDLT” (Demand During Lead Time). Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               Notice the sawtooth pattern that lot-size inventory creates. The ASCM Supply Chain Dictionary defines a sawtooth
                     diagram as: “A quantity-versus-time graphic
                     representation of the order point or order quantity inventory system showing
                     inventory being received and then used up and reordered.”

               
               
               
               When inventory declines to the order point (A), an
                  order is placed (at time B). Inventory continues to be depleted until the order arrives
                  (C),
                  and the cycle begins again.

               
               
               
               The order point method assumes the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     Past demand is an accurate indicator of future
                        demand.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Demand is continuous and fairly level.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Replenishment lead time is constant and
                        predictable, and replenishment happens all at once.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Order lot sizes will be consistent.

                     
                     

                  
                  

               
               
               
               In reality, these assumptions do not entirely hold.
                  Demand can be “lumpy,” and it might vary due to random variation. Sometimes replenishment
                  is
                  delayed. A more realistic picture is shown in Exhibit 6-19. In cycle A, demand performs as anticipated and inventory is sufficient until
                  it is replenished. In cycle B, however, demand is greater than average (steeper slope),
                  and
                  this causes a stockout to occur before the replenishment arrives. In cycle C, demand
                  is less
                  than the average demand (more gradual slope). The arrival of the next order, added
                  to
                  inventory still in the system, creates a level of inventory that exceeds the upper
                  constraint.

               
               
               
               
                  Exhibit 6-19: The Effect of Uncertainty[image: The image illustrates the effect of uncertainty on an inventory management model, where the vertical axis represents units in inventory and the horizontal axis represents time. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               Safety stock is held in case the inventory falls
                  more quickly than the average; a stockout will not actually occur until the safety
                  stock is
                  depleted. The safety stock level is calculated based on the relative amount of variability
                  around that average (i.e., the level of demand uncertainty) and the desired service
                  level.

               
               
               
               An order point with fixed order quantity system
                  with safety stock is shown in Exhibit 6-20, which
                  also shows how actual demand can vary on a regular basis. During cycle B, replenishment
                  was
                  slightly delayed and this required use of safety stock.

               
               
               
               
                  Exhibit 6-20: Order Point under Conditions of Uncertainty[image: Inventory-over-time chart showing irregular demand. Replenishment occurs when inventory reaches the order point, set equal to demand during lead time plus safety stock. Safety stock prevents a stockout. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               Order point with fixed order quantity systems work
                  well when demand varies only to the degree accounted for in the cycle stock and safety
                  stock
                  calculations. When actual demand is less than expected, reorders are delayed, so this
                  keeps
                  inventory levels from growing too large. However, if the average demand during the
                  lead time
                  changes, the order point will also need to be recalculated or it will be too early
                  (effectively increasing the safety stock level) or too late (reducing the safety stock
                  level
                  and risking more stockouts). Since the order point is determined when a particular
                  inventory
                  level is reached at the stockkeeping location, the next thing to determine is when
                  the order
                  point is reached.

               
               
               

            
            
            
            
               
               
               Commercial
                  Door Manufacturer Case Study Example

               
               
               
               
                  
                  
                  Exhibit 6-21 shows an example of hydraulic door closers for our commercial door
                     manufacturer featuring both the economic order quantity (discussed elsewhere) and
                     a level
                     of safety stock at the bottom, so the minimum inventory level goes down to this point
                     rather than zero as long as demand is stable. Note that the following abbreviations
                     are
                     used in the exhibit:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Q—order
                           quantity

                        
                        

                     
                     
                     
                     	
                        
                        
                        LT—lead time

                        
                        

                     
                     
                     
                     	
                        
                        
                        DDLT—demand during the
                           lead time

                        
                        

                     
                     
                     
                     	
                        
                        
                        s—order point

                        
                        

                     
                     
                     
                     	
                        
                        
                        SS—safety
                           stock

                        
                        

                     
                     

                  
                  
                  
                  
                     Exhibit 6-21: Order Point System with Fixed Order Quantity (s,Q) [image: Inventory cycle diagram showing saw-tooth usage and replenishment: order point at 210 units, safety stock at 50 units, order quantity 400 units, and average inventory of 250 units. Includes demand during lead time.]
                  
                  
                  
                  
                  The demand during the lead time can be
                     calculated if we know the average rate of demand (estimated using forecasting) and
                     the
                     lead time for replenishment (based on historical data). In Exhibit 6-21, the hydraulic door closer is
                     sold as an independent demand item. It has an economic order quantity of 400 units,
                     and
                     the average demand is 80 units per week, with 50 units of safety stock and a lead
                     time of
                     two weeks to order and receive units at the distribution center. The DDLT can be
                     calculated as follows:

                  
                  
                  
                  [image: ../images/mathml_id174KD0H0JX2.png]
                  
                  
                  
                  Given the 50 units of
                     safety stock, the order point can then be calculated:

                  
                  
                  
                  [image: ../images/mathml_id174KD0KJ02R.png]
                  
                  
                  
                  [image: ../images/mathml_id174KD0M0LR4.png]
                  
                  
                  
                  With safety stock,
                     the average inventory is no longer half of the order quantity. The average is raised
                     by
                     the amount of safety stock, so the formula is as follows:

                  
                  
                  
                  [image: ../images/mathml_id209AL80H0PF.png]
                  
                  
                  
                  Note that the average
                     inventory is still technically the opening inventory plus ending inventory divided
                     by 2,
                     but since safety stocks are included in both opening and ending inventory, the equation
                     just shown will result in the same answer.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Order Point with Variable Order Quantity (s,S)
               (Min-Max Systems)

            
            
            
            
               
               
               When
                  an order point system (variable timing) has an order up to policy (variable quantity),
                  it is
                  a min-max
                     system, defined in the ASCM Supply Chain Dictionary as:

               
               
               
               
                  
                  
                     An order point replenishment system in which the minimum (min) is the order point,
                        and the maximum (max) is the order up to inventory level. The order quantity is variable
                        and is the difference between the max and the sum of available and on-order inventory.
                        An order is recommended when the sum of the available and on-order inventory is at
                        or below the min. See: fixed order interval inventory model, fixed order period system,
                        fixed order quantity (FOQ).
                     

                  

               
               
               
               With a min-max system, both order timing and order
                  amount are allowed to vary. A min-max system sets a maximum inventory level and an
                  order
                  point (min) inventory level. When inventory falls below the order point level, the
                  item is
                  reordered, so order timing can vary. The quantity to order also varies and is calculated
                  as
                  the maximum inventory minus the available quantity on hand. If the max is 100 units,
                  the
                  order point is 50 units, and the quantity actually available is 30 units when the
                  order
                  point is reached (e.g., an order for 25 units has brought inventory from 55 to 30
                  units),
                  then the amount to order is calculated as

               
               
               
               [image: ../images/mathml_equation-block_ejy_r2l_hhc.png]
               
               
               
               [image: ../images/mathml_id2297A300GE9.png]
               
               
               
               While the lead time is not explicitly factored into the calculation,
                  when this system is used, the assumption is that the inventory level will never actually
                  reach the maximum. While the order quantity is the quantity that would bring the inventory
                  balance back up to the maximum level, reaching the maximum would either require no
                  demand
                  occurring during the lead time or for the order to arrive immediately—i.e., no lead
                  time. A
                  min-max system is often used when lead time is no more than one or two weeks long
                  so that
                  the lead time isn’t too much of a factor.

               
               

            
            

         
         
         
         
            
            
            Periodic Review with Fixed Order Quantity Systems (R, s,
               Q)

            
            
            
            
               
               
               A periodic review system with fixed order quantity will use a fixed periodic review
                  interval and will place a fixed quantity order if the inventory level at the time
                  of
                  review is at or below a given restocking level. The review period is periodic
                  (inventory level is checked at the time of the review) rather than being a
                  continuous review system.

               
               
               
               The method commonly denoted (R, s, Q) orders a fixed order quantity Q if the
                  inventory level is below the inventory minimum level of s at the time of the review
                  R. The order point (s) includes the demand during the lead time (DDLT) plus the
                  review period (RP). This type of system may be used when the review period is
                  dictated by things such as cycle counting or vendor supply calendars. The choice of
                  a fixed order quantity for such a system may be dictated by logistics batch-size
                  constraints.

               
               

            
            

         
         
         
         
            
            
             Periodic Review with Variable Order Quantity Systems (R,
               S)

            
            
            
            
               
               
               In periodic review with variable order quantity systems, commonly
                  denoted (R, S), an order is placed at regular, fixed intervals but the quantity is
                  allowed
                  to vary. The ASCM Supply Chain Dictionary defines the
                  following related terms:

               
               
               
               
                  
                  Fixed order period system: A method of inventory planning that measures actual inventory levels at regular intervals
                        of time. A check of inventory levels is performed and an order placed if needed. Often
                        the quantity ordered varies from period to period as inventory is restored to a predetermined
                        level. See: fixed order quantity (FOQ), min-max system, period order quantity (POQ).

                  
                  Fixed order interval
                        inventory model:
                     An independent demand, periodic-review item management model in which an order is
                        placed at fixed intervals (such as weekly, biweekly, or monthly). The order quantity
                        is variable and replaces the items consumed during the current time period to return
                        the inventory to the target inventory level. The target inventory level must be large
                        enough to cover the maximum expected demand during the lead time plus the length of
                        the review interval. Syns.: fixed-interval order system, periodic review system, time-based
                        order system. See: fixed order quantity (FOQ) inventory model, hybrid inventory system,
                        min-max system, optional replenishment model.

                  

               
               
               
               A related term
                  is periodic replenishment, which the ASCM Supply Chain Dictionary defines as: “A method of aggregating
                     requirements to place deliveries of varying quantities at evenly spaced time
                     intervals rather than variably spaced deliveries of equal
                     quantities.”

               
               
               
               In a periodic review with variable order quantity
                  system, the order point is not an inventory amount but a defined date. At the designated
                  interval, an order is placed (unless the amount needed is 0). In this way, periodic
                  review
                  is the opposite of the order point system.

               
               
               
               Exhibit 6-22 shows that, unlike the regular sawtooth pattern formed when the order quantity
                  is fixed, a periodic review with variable order quantity system (order up to target
                  inventory level S), denoted (R, S), will allow lot sizes to vary (in the exhibit,
                  Q1, Q2,
                  and Q3 have different order sizes) but will always order on a fixed schedule. At each
                  review
                  point, a replenishment order is placed that will move inventory closer to the target
                  level,
                  including the anticipated inventory use during the review period. 

               
               
               
               
                  Exhibit 6-22: Periodic Review with Variable Order Quantity System (R, S)[image: Inventory diagram showing fixed review intervals where orders are placed periodically. Order quantities (Q1, Q2, Q3) vary to restore stock to a target level, with safety stock shown below. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               Periodic review systems with variable order
                  quantity are used when order point systems would be impractical. Order point systems
                  are
                  impractical in environments where there are thousands of inventory items to reorder
                  on
                  different dates, especially if sets of these items can be reordered using a common
                  shipment
                  and can be added as line items to a single order. Since order cost includes transportation
                  and ordering, consolidating orders will save on order costs. Rather than posting many
                  transactions to inventory, it can be simpler and less costly to post multiple transactions
                  during a single review period. This will frequently be true in retail, supermarkets,
                  and
                  online shopping distribution centers. A periodic review system will make more sense
                  in these
                  cases. They are also used for perishable items with a short shelf life, because often
                  the
                  order interval is short, in part due to necessity and in part because ordering costs
                  can be
                  kept low. Finally, they may be necessary if the inventory in question is not tracked
                  in a
                  perpetual review inventory system (i.e., data is not available).

               
               
               
               Note that the order intervals (called review period
                  duration, R, below) are fixed (identical) in length, as are the order lead times (called
                  lead time duration, or L, below). Orders are placed at the start of the review period
                  and
                  end when the next review period begins. The review period is set in this way because
                  the
                  order is based on the demand during the review period. This will be a demand per time
                  period, such as per week or, more often, per day, since the order intervals are often
                  weekly.

               
               
               
               As indicated in the definition, the order quantity
                  will be the target level, or the maximum inventory level minus the quantity on hand,
                  so the
                  first thing to determine is this target level (S). This requires knowing demand per
                  period
                  (D), lead-time duration (LT), review period duration (R), and safety stock (SS). For
                  example, assume that multiple items are ordered every seven days with a lead time
                  of two
                  days. One of these items has average demand of 50 units per day, and there are 100
                  units of
                  safety stock. The target (maximum) inventory level is calculated as follows:

               
               
               
               [image: ../images/mathml_id209ALL0M0PN.png]
               
               
               
               The order quantity is the amount of inventory that is
                  required to bring the total inventory to a maximum. The quantity (Q) ordered equals
                  the
                  target inventory (S) minus inventory on hand (I), or

               
               
               
               [image: ../images/mathml_id176FF60K0AV.png]
               
               
               
               If I is 150 units during a particular review
                  period, Q can be calculated as follows:

               
               
               
               [image: ../images/mathml_id174KEE0808B.png]
               
               
               
               Because the inventory will continue to fall after
                  the order is placed (during the lead time), the replenishment will reach the maximum
                  inventory only if demand is zero during the lead time. Therefore it is important to
                  ensure
                  that an item’s total inventory is sufficient to cover demand during both the order
                  review
                  period and the order lead time. If carrying costs are less significant, exact estimates
                  of
                  sales or usage are not necessary.

               
               
               

            
            

         
         
         
         
            
            
            Determining When Order Point Is Reached

            
            
            
            
               
               
               Three basic methods can be used to determine when the order point is
                  reached: perpetual inventory, a visual review system such as two-bin inventory, and
                  kanban.
                  There are variations of each of these models.

               
               

            
            
            
            
               
               
               Perpetual Inventory
                  Systems

               
               
               
               
                  
                  
                  The ASCM Supply Chain
                        Dictionary defines a perpetual inventory record as: “A computer record or manual
                        document on which each inventory transaction is posted so that a current record of
                        the inventory is maintained.”

                  
                  
                  
                  A
                     perpetual inventory system, which could be part of an inventory management or enterprise
                     resources planning system (it could also be a manual system), keeps track of inventory
                     levels at each stockkeeping location. When a transaction occurs that adds or deducts
                     inventory, the inventory levels are immediately updated. The system may also track
                     inventory allocated to specific orders but not yet issued, quantities on order but
                     not yet
                     received, and quantities received. The balance on hand will then be the total inventory,
                     while the available balance will be the balance on hand less any allocated inventory.
                     Issuance means that an allocated order has been removed from inventory, so this will
                     cancel the related allocation and the on-hand inventory will be reduced. Orders,
                     allocations, issuances, and receipts will track dates, order numbers, and
                     quantities.

                  
                  
                  
                  In addition to this dynamic
                     information, these systems store static information such as part number, name,
                     description, storage location, order point, order quantity, lead time, safety stock,
                     and
                     supplier(s). Exhibit 6-23 shows a perpetual inventory record for hydraulic door closers, listing this
                     static information at the top and the dynamic transactional information below
                     that.

                  
                  
                  
                  
                     Exhibit 6-23: Perpetual Inventory Record Triggering Reorder Point[image: A table titled “Perpetual Inventory Record Triggering Reorder Point.” Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Average demand for this item is 80 units
                     per week. In week 1, 70 units are allocated to orders, which does not affect the on-hand
                     balance but does reduce the available balance. The available balance is still above
                     the
                     order point of 210 units, so nothing happens. In week 2, an order for 80 units is
                     allocated. The available balance at the end of the week is now below the order point
                     of
                     210, so the system prompts the purchaser to place an order. The order for 400 is placed
                     at
                     the beginning of week 3. In week 3, the week 1 allocation of 70 units is now issued
                     and
                     there is an allocation of 90 units, which brings the available balance to 110 units.
                     Due
                     to the one-week lead time, the 400 units ordered in week 3 arrive in week 4. During
                     this
                     week, the week 2 allocation (80) is also issued, and there is a further allocation
                     of 85,
                     which brings the available balance to 425. In week 5, the allocation from week 3 (90
                     units) is issued, and 75 are allocated. This leaves the available balance at 350.

                  
                  
                  
                  This system works well unless the inventory level
                     has become inaccurate due to errors or shrinkage. The more manual steps there are
                     in the
                     process, the more errors there will be. Often these systems will incorporate devices
                     such
                     as barcode scanners linked to the system that automatically adjust inventory records
                     to
                     reduce chances for error.

                  
                  

               
               

            
            
            
            
               
               
               Visual Review Systems

               
               
               
               
                  
                  
                  A visual review system is defined in the ASCM Supply Chain Dictionary as:

                  
                  
                  
                  
                     
                     
                        A simple inventory control system in
                           which the inventory reordering is based on actually looking at the amount of
                           inventory on hand. This is usually used for low-value items, such as nuts and bolts.
                           See: two-bin inventory system.
                        

                     

                  
                  
                  
                  A visual review system is used for items with both
                     independent and dependent demand but typically is reserved for lower-valued (“C” category)
                     items. Visual review systems use the min-max approach because when the minimum level
                     is
                     reached, inventory is replenished to the maximum level. The minimum could be determined
                     by
                     the order point formula. The maximum might be determined by shelf space or economic
                     order
                     considerations. Visual signals can be empty bins or shelves, data on a whiteboard,
                     a light
                     on a shelf location, or cards inserted in inventory to designate reorder points. (Once
                     the
                     inventory with the tag is picked, the order point is reached.)

                  
                  
                  
                  Visual review systems may rely on physical markers such as a reorder line taped on
                     a shelf,
                     that once exposed due to no inventory being on top of it, triggers reordering. 

                  
                  
                  
                  The ASCM Supply Chain Dictionary
                     defines one subtype, the two-bin inventory system,
                     as:

                  
                  
                  
                  
                     
                     
                        A type of fixed-order system in
                           which inventory is carried in two bins. A replenishment quantity is ordered
                           when the first bin (working) is empty. During the replenishment lead time,
                           material is used from the second bin. When the material is received, the
                           second bin (which contains a quantity to cover demand during lead time plus
                           some safety stock) is refilled, and the excess is put into the working bin.
                           At this time, stock is drawn from the first bin until it is again exhausted.
                           This term also is used to loosely describe any fixed-order system even when physical
                           bins
                           do not exist. Syn.: bin reserve system. See: visual review system.
                        

                     

                  
                  
                  
                  A two-bin system places the order
                     point quantity in one bin and all excess inventory in a second bin (or other container
                     or
                     storage area). The second bin is drawn from until empty. When the first bin needs
                     to be
                     used, an order for resupply is placed. This system is easy to use and administer.
                     Staff
                     will need training to know to place the order when the second bin or other marker
                     is
                     accessed.

                  
                  
                  

               
               

            
            
            
            
               
               
               Kanban Systems

               
               
               
               
                  
                  
                  Kanbans are visual signals of when and how much to reorder, so in this
                     way they are similar to two-bin systems. A kanban could be many things, such as a
                     card, a
                     light, empty floor space, or an empty container. It could also be an electronic notification
                     from a perpetual inventory system in actual practice; ERP systems may favor digital
                     notifications to align kanban with their perpetual inventory system and to reduce
                     reliance
                     on manual checks. Real-time updates to perpetual inventory systems are important for
                     just-in-time replenishment.

                  
                  
                  
                  A kanban is a demand signal to an upstream work center to supply
                     manufactured or purchased parts. It is the equivalent of a work order. Each kanban
                     is for an
                     identical quantity. The upstream work center does not start work until it receives
                     a signal.
                     In this way, kanban signals control the movement of raw materials and semifinished
                     products
                     through subsequent work centers.

                  
                  
                  
                  Lean uses kanban systems to provide a visual demand-pull signal to
                     trigger the order point. Kanban is therefore an order point system, but in lean production
                     it is applied to dependent demand rather than independent demand. In traditional
                     manufacturing planning and control, order point systems rarely work well for dependent
                     demand due to the sporadic demand for many components that can result in spikes in
                     little-used inventory or production-halting stockouts of needed components. These
                     can occur
                     when a reorder point is almost but not quite triggered or is triggered but not by
                     much.

                  
                  
                  
                  Lean finds ways to make an order point system work
                     for dependent demand by using a goal of lean one-piece flow. Lean one-piece flow can
                     dramatically reduce the economic order quantity (ideally to a lot size approaching
                     one unit)
                     by sharply reducing the ordering cost per order, such as by reducing setup times,
                     purchasing
                     and transportation costs, purchasing lead times, and the cost of processing orders.
                     Exhibit 6-24 shows how this allows a much lower average
                     inventory to be carried, but since each reorder point represents a potential place
                     for a
                     stockout, it also creates more stockout exposure risk that needs to be managed.

                  
                  
                  
                  
                     Exhibit 6-24: Lean Reduces Order Quantity but Creates More Exposures to Stockouts[image: Inventory plot comparing two systems: a large order quantity that cycles between 0 and 400 units and a smaller, more frequent order quantity cycling between 0 and about 179 units. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  

               
               
               
               
                  
                  
                  Kanban Quantity Changes

                  
                  
                  
                  
                     
                     
                     When a kanban signals that demand exists for a particular item, this triggers
                        production or authorizes withdrawal of an item. A kanban quantity refers to the
                        number of kanbans that a given work center maintains for a given item. Any amount
                        greater than zero units on hand operates similarly to safety stock or a buffer for
                        the upstream location. In general, items that are regularly in demand will have a
                        buffer and items that are rarely in demand will have little or no buffer. Just as
                        fine-tuning of MRP parameters needs to be reserved for when the system itself is
                        stable, kanban quantity changes are a fine-tuning step, not a step to fix a flawed
                        lean system. Kanban systems are not good at being responsive to a great deal of
                        demand variability. Manufacturing needs to sort out these issues prior to the kanban
                        stage.

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Economic
            Order Quantity and Lot-Size Rules

         
         
         
         
            
            
            Here we discuss “how much to order” for use in fixed or variable order
               quantity systems. We discuss the economic order quantity (EOQ) method in detail,
               including its assumptions and calculations, which is used for fixed order quantity
               systems. We also look at EOQ constraints and modifiers, the use of EOQ in different
               manufacturing environments, and how to use continuous improvement to reduce carrying
               costs and/or ordering costs and therefore the EOQ. After that we discuss lot-size
               decision rules for inventory ordered using MRP or equivalent systems, which can be
               used for variable quantity order systems. Expensive and infrequently used items may
               be supplied on a one-for-one basis, with zero inventory. For the most part, however,
               inventory is purchased in lots or batches. Here we focus on three methods used to
               determine lot size: fixed order quantity, lot-for lot, and period order quantity
               (POQ).

            
            

         
         
         
         
         
            
            
            Economic Order Quantity

            
            
            
            
               
               
               The ASCM Supply
                     Chain Dictionary defines economic order
                     quantity (EOQ) as:

               
               
               
               
                  
                  
                     A type of fixed order quantity (FOQ) model that determines the amount of an item to
                        be purchased or manufactured at one time. The intent is to minimize the combined costs
                        of acquiring and carrying inventory. The basic formula is: quantity = √(2AS/iC) where
                        A = annual usage in units, S = ordering costs in dollars, i = annual inventory carrying
                        cost rate as a decimal, and C = unit cost. Syns.: economic lot size, minimum cost
                        order quantity. See: total cost curve.
                     

                  

               
               
               
               EOQ is a way of finding
                  the lot size with the lowest possible total cost, which is a sum of
                  ordering and carrying costs. EOQ calculates an amount to order when
                  using the fixed order quantity or order n periods
                  of supply methods. (In the latter case, the fixed time reorder point
                  will be timed to occur when n periods
                  of supply equal the economic order quantity.)

               
               

            
            
            
            
               
               
               How
                  EOQ Manages Tradeoffs

               
               
               
               
                  
                  
                  EOQ
                     manages the tradeoffs between carrying costs and ordering costs
                     by finding the point where the sum of these two costs is minimized.
                     Carrying costs are minimized when orders are in small quantities;
                     ordering costs are minimized when few orders are placed. EOQ will
                     fall somewhere between these individual minimum points. Exhibit 6-25 shows
                     how the economic order quantity, or lowest total cost, will be above the
                     point where the ordering cost curve and the carrying cost curve
                     intersect.

                  
                  
                  
                  
                     Exhibit 6-25: Economic Order Quantity at Lowest Total Cost[image: The graph illustrates the relationship between ordering cost, carrying cost, and total cost as a function of order quantity. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Note
                     that the equations shown at the bottom of the exhibit (AS/Q and
                     Qci/2) are covered later in this topic.

                  
                  

               
               

            
            
            
            
               
               
               EOQ
                  Assumptions

               
               
               
               
                  
                  
                  EOQ
                     makes certain simplifying assumptions that, if true or close to
                     being true, mean that the order quantity will be the lowest total
                     cost or very close to it. Here are those assumptions:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Demand is known
                           and relatively constant.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Items
                           are purchased or made in batches or lots (rather than lots of one
                           or continuously).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Ordering
                           costs and carrying costs are known, and the curves are stable.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Replacement
                           occurs all at once. (The full reorder is available at receipt.)

                        
                        

                     
                     

                  
                  
                  
                  While these assumptions will not be true in many actual
                     ordering environments, these are simplifying assumptions used to enable this
                     calculation to be made. Even when there is some variation in demand, for example,
                     the calculation results will still show the range in which near-optimal decisions
                     can be made. That is, the lowest total cost area tends to be a fairly broad range
                     (e.g., in the prior EOQ graph, the order quantities from 350 units to 450 units are
                     all near-optimal quantities). Therefore, the model helps set the order quantity
                     better than if the model were not used, even if real-world factors cause the exact
                     point of optimal cost balancing to shift a small amount on a regular basis.

                  
                  
                  
                  However,
                     EOQ is useful only when the factors used to calculate it do not
                     change severely or too frequently. If demand is highly variable,
                     the EOQ would be very different in each period and thus cease to
                     be a fixed order quantity. EOQ is not useful for engineer- or make-to-order,
                     since these specify an exact quantity. It is also not useful for
                     perishable inventory or other inventory with a short shelf life,
                     or in situations when the manufacturing process requires or cannot
                     exceed a particular batch size, for example, if the tools used to
                     run a batch wear out after a certain number of units. For manufacturing,
                     lot-for-lot is more often used, but there are variants of EOQ that
                     can be used to determine manufacturing lot sizes.

                  
                  
                  

               
               

            
            
            
            
               
               
               EOQ
                  Process

               
               
               
               
                  
                  
                  The
                     process that was used to initially develop the economic order quantity
                     equation can help show how and why the equation works. The process
                     starts by calculating the annual ordering cost and the annual inventory
                     carrying cost. These costs are summed to find the total annual cost.
                     Trial and error can then be used to evaluate alternative order quantities
                     until the lowest total cost is found. The EOQ formula was developed to
                     avoid the need for trial and error, so this will be presented after
                     showing the trial-and-error method.

                  
                  
                  
                  Let’s assume that a distribution center
                     (DC) sells hydraulic door closers as an independent demand item
                     for a commercial door manufacturer, and this DC has an annual demand
                     (A) of 8,000 units. Currently the lot-size quantity (Q) is 500 units (since
                     the lot size is what we are trying to determine, consider this a
                     starting point), and the cost per order is $20. The number of orders
                     is calculated as follows:

                  
                  
                  
                  [image: ../images/mathml_id20A7M70I05Z.png]
                  
                  
                  
                  The annual ordering
                     cost is then calculated as follows:

                  
                  
                  
                  [image: ../images/mathml_id20A7M8004Y4.png]
                  
                  
                  
                  These two calculations
                     can be combined and done at the same time, using S to denote the
                     cost per order:

                  
                  
                  
                  [image: ../images/mathml_id20A7M800IHS.png]
                  
                  
                  
                  Next we calculate
                     the annual inventory carrying cost, which requires knowing the average
                     inventory at a given stockkeeping location. Exhibit 6-26 shows
                     why the average inventory will be half of the lot size when order
                     quantities are fixed. Note that if safety stock is carried, the
                     average will be safety stock plus half the order quantity.

                  
                  
                  
                  
                     Exhibit 6-26: Average Inventory Is Half of Lot Size[image: Inventory cycle chart showing stock falling linearly from 500 units to zero, then being replenished back to 500. The average inventory level is marked at 250 units, equal to Q/2.]
                  
                  
                  
                  
                  Average
                     inventory is calculated as follows:

                  
                  
                  
                  [image: ../images/mathml_id20A7M8080UI.png]
                  
                  
                  
                  Next we calculate
                     the annual inventory carrying cost in dollars by multiplying the average
                     inventory by the cost per unit (c) and the carrying cost rate (i).
                     The cost per unit is the sum of the direct materials, direct labor,
                     and overhead per unit. The carrying cost rate is the sum of the
                     capital, storage, and risk cost percentages. Assume for this example
                     that a hydraulic closer costs $10 and the carrying cost rate is 20 percent,
                     or 0.2.

                  
                  
                  
                  [image: ../images/mathml_id20A7M9008YK.png]
                  
                  
                  
                  Another way to write
                     this equation is as follows:

                  
                  
                  
                  [image: ../images/mathml_id20A7M900OHT.png]
                  
                  
                  
                  Now the total cost
                     is determined by summing the annual ordering cost and the annual inventory
                     carrying cost:

                  
                  
                  
                  [image: ../images/mathml_id20A7M900ZPF.png]
                  
                  
                  
                  The economic order
                     quantity is defined as the point where the annual ordering cost equals
                     the annual carrying cost. Since this is not true for our example,
                     clearly the initial lot size was not correct. One way to find the
                     correct order quantity is to simply try many quantities until one
                     finds the values that are closer and closer to the lowest total
                     cost (trial and error). Exhibit 6-27 shows
                     how this might be done. Note how all of the variables are held constant
                     (based on those initial assumptions) except the order quantity (Q).
                     This allows results to be comparable.

                  
                  
                  
                  
                     Exhibit 6-27: Calculating EOQ Using Trial and Error[image: A table titled “Calculating EOQ Using Trial and Error.” Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Note
                     that an order quantity of 400 units results in both the ordering
                     and carrying costs equaling $400, so this is the EOQ. However, this
                     is called the trial-and-error method for a reason. In many cases,
                     you will get close to the EOQ, but the amounts will not be exactly
                     equal for any of the results. The calculations need to be repeated
                     using a smaller range of numbers around the result that was the
                     lowest total cost. The increment between the numbers will also be
                     smaller, for example, only 50, then 10, and then one unit. Eventually,
                     the EOQ will be found. This type of repetitive process would best
                     be done in a spreadsheet.

                  
                  
                  
                  Since this is time-consuming, a calculation
                     can instead be made to determine EOQ in one step.

                  
                  

               
               

            
            
            
            
               
               
               Calculating
                  EOQ

               
               
               
               
                  
                  
                  Since
                     the annual carrying cost needs to equal the annual ordering cost,
                     we can just set these to be equal to each other. (Note that in the
                     equations below, we omit the multiplication signs [Qci instead of
                     Q × c × i; AS instead of A × S], but these variables are still multiplied
                     together.)

                  
                  
                  
                  [image: ../images/mathml_id20A7MA00YPN.png]
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                  Since the order
                     quantity (Q) is what we need to know, the following versions of
                     the same formula are solved for Q in several steps. In the last
                     step, Q is replaced by EOQ since these are now the same thing:

                  
                  
                  
                  [image: ../images/mathml_id20A7MA0I030.png]
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                  Where:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        EOQ or Q = Order quantity
                           = (the economic order quantity we are calculating)

                        
                        

                     
                     
                     
                     	
                        
                        
                        A
                           = Annual demand = 8,000 units

                        
                        

                     
                     
                     
                     	
                        
                        
                        S
                           = Order costs = $20 per order

                        
                        

                     
                     
                     
                     	
                        
                        
                        c
                           = Cost per unit = $10 per unit

                        
                        

                     
                     
                     
                     	
                        
                        
                        i
                           = Carrying cost rate = 20 percent = 0.2

                        
                        

                     
                     

                  
                  
                  
                  [image: ../images/mathml_id20A7MB00C4Y.png]
                  
                  
                  
                  Exhibit 6-28 shows how
                     400 units is the lowest total cost order quantity, given the various assumptions about
                     costs
                     and demand.

                  
                  
                  
                  
                     Exhibit 6-28: Economic Order Quantity at Lowest Total Cost[image: The graph illustrates the relationship between ordering cost, carrying cost, and total cost as a function of order quantity. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  

               
               

            
            

         
         
         
         
            
            
            EOQ Constraints,
               Uses, and Improvements

            
            
            
            
               
               
               Economic order quantity
                  (EOQ) faces certain constraints related to upper and lower inventory
                  limits, but these constraints can be modified in certain circumstances. Different
                  manufacturing environments may use EOQ to varying degrees. Here
                  we also discuss using continuous improvement to lower ordering costs
                  and/or carrying costs, which would also lower the EOQ.

               
               

            
            
            
            
               
               
               Constraints and Their Modifiers

               
               
               
               
                  
                  
                  In practice, a fixed
                     order quantity such as the EOQ cannot be a static ideal. It is influenced
                     by various needs and conditions. For this reason, the itemized inventory policy
                     defines constraints and acceptable reasons to modify an order amount.
                     EOQ calculations may be the starting point for policies related
                     to constraints and modifiers.

                  
                  
                  
                  The itemized inventory policy provides
                     constraints on the upper and lower limits of an item’s inventory
                     amount. The upper limit aims at controlling the costs of inventory investment
                     and carrying costs. The lower limit aims at preventing stockout
                     costs and, for lower-cost items, decreasing ordering costs by discouraging
                     frequent, low-volume orders.

                  
                  
                  
                  However, these constraints can be modified
                     under certain circumstances:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        To
                           adjust orders to supplier lot-size requirements

                        
                        

                     
                     
                     
                     	
                        
                        
                        To
                           take advantage of volume price breaks

                        
                        

                     
                     
                     
                     	
                        
                        
                        To
                           cover an entire period’s supply

                        
                        

                     
                     
                     
                     	
                        
                        
                        To
                           adjust order quantities for scrap or yield factors

                        
                        

                     
                     

                  
                  
                  
                  Constraints take precedence
                     over modifiers. They are established first, and any order quantity
                     must conform to the constraint. When a constraint or modifier prevents
                     an order from being released, the planner needs to take corrective
                     action.

                  
                  
                  

               
               

            
            
            
            
               
               
               Which Environments Use EOQ for Inventory
                  Planning

               
               
               
               
                  
                  
                  For
                     engineer- and make-to-order manufacturers, the majority of customer orders will be
                     purchased or
                     manufactured for each order as the schedule dictates. To account for the costs of
                     each order and
                     to eliminate or minimize residuals, items are obtained only for each order, so an
                     EOQ is not
                     likely to be used. A simple lot-for-lot system might be used. Landed cost might be
                     used to
                     ensure ordering costs account for transportation. Exceptions that allow use of EOQ
                     could include
                     commodities needed for multiple orders, such as lumber. However, in most cases, specific
                     material ordered is allocated to a particular order when it reaches inventory and
                     is issued
                     against that order number. The same item may be subject to different ordering techniques.
                     An
                     example is a business that performs contract work for the government and uses the
                     same materials
                     in its commercial business.

                  
                  
                  
                  Assemble-to-order (ATO) manufacturers can plan inventories of
                     modules. For ATO module production and MTS production, assuming that manufacturers
                     have an
                     enterprise resources planning system, a time-phased record is created that permits
                     developing
                     discrete lot sizes using EOQ and/or lot-sizing techniques. Make-to-stock (MTS) manufacturers
                     forecast finished goods inventory requirements and can use push or push-pull, depending
                     on the
                     level of demand uncertainty. 

                  
                  
                  
                  Order
                     quantity decisions are also factors in purchasing in service environments. However,
                     there may be different factors affecting costs and therefore lot
                     sizes, for example, more limited storage capacity, shorter shelf
                     life, shorter replenishment cycles, and demand patterns.

                  
                  

               
               

            
            
            
            
               
               
               How Continuous Improvement Can Be Used
                  to Change EOQ

               
               
               
               
                  
                  
                  Assuming
                     that the organization can use EOQ because demand is relatively stable, carrying
                     and ordering costs are known, and so on, the next thing to realize
                     is that the organization can make improvements in various areas
                     to further reduce the total of these two costs—in effect, shifting
                     the curves and where the curves intersect.

                  
                  
                  
                  Some things are partly controllable by
                     the organization but not necessarily by manufacturing and inventory
                     control professionals. This includes annual demand. If annual demand
                     increases, the EOQ will also increase, but annual demand is partly controlled
                     by market forces and partly by the effectiveness of marketing.

                  
                  
                  
                  A lower unit cost
                     will increase the EOQ. For purchased components, purchasing might negotiate
                     lower prices and thus lower total unit costs. Similarly, manufacturing
                     might make process improvements or eliminate waste to lower manufacturing
                     costs. These types of changes usually call for a longer planning
                     horizon, since they usually require process improvements or capital
                     investments on the part of suppliers or plants.

                  
                  
                  
                  Reducing
                     the annual carrying cost will also increase the EOQ. However, the
                     cost of carrying inventory is only partly controllable. The organization
                     might be able to reduce risks, reduce warehouse staffing or overhead
                     costs, and so on, but these changes are possible only over a long
                     planning horizon. Other parts of carrying cost are not controllable.
                     For example, the cost of capital is based partly on market rates. Also,
                     many risks and costs are based on the particular products being
                     sold and thus must be accepted when selling those products.

                  
                  
                  
                  Over a shorter planning
                     horizon, the best method of continuous improvement is to reduce
                     annual ordering cost. This lowers the EOQ amount, because orders
                     can be made more frequently and average inventory levels are reduced.
                     Manufacturing professionals can reduce ordering cost by reducing
                     setup costs. Purchasing can reduce ordering costs by replacing individual
                     purchase orders with more contract buying. Organizations can reduce
                     ordering costs by automating steps in the purchasing cycle and in
                     contract buying. An example of automation can be seen with lean.
                     Lean automates its ordering as much as possible, such as by using
                     backflushing. Lean also emphasizes drastically reducing setup times
                     to further reduce ordering cost.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Lot-Size Decision Rules

            
            
            
            
               
               
               The ASCM Supply Chain
                     Dictionary defines lot size as: “The amount of a particular item that is ordered from a manufacturing facility or a
                     supplier or is issued as a standard quantity to the production process. Syn.: order
                     quantity.”

               
               
               
               When an order quantity
                  system is used for independent demand items, the lot size needs
                  to be set. Distribution centers, wholesalers, and retailers who
                  use order quantity systems will need to set lot sizes for ordering
                  by setting decision rules that work to maintain a targeted customer
                  service level while minimizing certain costs, for example, ordering
                  and transportation costs, use of quantity discounts, and carrying costs.
                  These general objectives are translated into decision rules for
                  lot sizes so that those responsible for ordering will know how much
                  to order when needed.

               
               
               
               Lot sizes for manufacturing
                  are based on optimizing manufacturing efficiency and inventory levels
                  at a targeted level of customer service (e.g., achieving promised
                  lead times). The order quantity rules discussed here can be used
                  in master scheduling to set lot sizes for production of independent
                  demand items. Inventory managers at manufacturing organizations
                  might also use these order quantity systems for maintenance, repair,
                  and operating (MRO) materials and components or raw materials stored
                  in inventory. Order quantities for dependent demand items, however,
                  are calculated using material requirements planning (MRP). MRP uses
                  lot-for-lot, as discussed below.

               
               
               
               Some of the following
                  methods are better than others at minimizing the sum of all costs
                  involved. Note that economic order quantity might be considered
                  a lot-size decision rule as well, but it is addressed elsewhere
                  since it can be applied to more than one method.

               
               

            
            
            
            
               
               
               Lot-for-Lot

               
               
               
               
                  
                  
                  The ASCM Supply
                        Chain Dictionary defines lot-for-lot (L4L) as: “A lot-sizing technique that generates
                        planned orders in quantities equal to the net requirements in each period. See:
                        discrete order quantity.”

                  
                  
                  
                  Lot-for-lot prevents inventory build-ups
                     because inventory is always replenished to the exact level desired,
                     no more and no less. In an L4L order system, the order quantity
                     is directly related to demand—not an economic or fixed order quantity
                     but rather a lot size of one unit. Items are ordered from suppliers
                     and the factory in the amounts necessary when they are needed. Order
                     quantities change as requirements change. No unused lot-size inventory
                     is created.

                  
                  
                  
                  L4L
                     is used in various situations:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        In
                           planning and fulfilling time-phased requirements for dependent demand
                           items, as in material requirements planning and for independent
                           items in master scheduling

                        
                        

                     
                     
                     
                     	
                        
                        
                        In
                           lean environments, where inventory is considered waste

                        
                        

                     
                     
                     
                     	
                        
                        
                        When
                           ordering or making expensive or infrequently used items

                        
                        

                     
                     
                     
                     	
                        
                        
                        When
                           ordering perishable items

                        
                        

                     
                     
                     
                     	
                        
                        
                        When
                           ordering items that consume significant warehouse space due to their
                           size or handling requirements.

                        
                        

                     
                     
                     
                     	
                        
                        
                        When
                           ordering perishable items where there is the risk of loss due to
                           expired shelf life

                        
                        

                     
                     

                  
                  
                  
                  For manufacturing, the master production
                     schedule or the material requirements plan provides the time-phased
                     information required to know how much to reorder. If lot-for-lot
                     is used for material requirements planning, the order quantity will
                     vary based on the amount of components actually needed. In lean,
                     the lot size is likely to be near or at one unit, and it carries
                     this through to purchasing.

                  
                  
                  
                  Expensive or infrequently used items (categorized
                     as “A” items in ABC inventory analysis) are often ordered L4L to
                     decrease inventory investment and risks.

                  
                  
                  
                  Lot-for-lot can be used for replenishment
                     orders by restocking only what was sold or removed from inventory since the last
                     reorder point. For example, small hardware store chains typically use lot-for-lot
                     to
                     replenish each retail store with just what was sold, perhaps using information from
                     a point-of-sale system to automatically determine reorder quantities of various
                     items. The ASCM Supply Chain Dictionary defines
                     point of sale (POS) as: “The relief of inventory and computation
                        of sales data at the time and place of sale, generally through the use of barcoding
                        or magnetic media and equipment.”

                  
                  
                  

               
               

            
            
            
            
               
               
               Fixed Order Quantity (FOQ)

               
               
               
               
                  
                  
                  Fixed order quantity (FOQ) was defined elsewhere. The ASCM Supply Chain Dictionary defines a related term for the
                     lot size as reorder quantity:

                  
                  
                  
                  
                     
                     
                        1) In a fixed reorder quantity system of inventory control, the fixed quantity that
                           should be ordered each time the available stock (on-hand plus on-order) falls to or
                           below the reorder point (ROP). 2) In a variable reorder quantity system, the amount
                           ordered from time period to time period varies. Syn.: replenishment order quantity.

                     

                  
                  
                  
                  In a fixed order quantity (FOQ) approach, orders are made
                     for the same fixed number of units, although the timing of the order may or may not
                     vary.
                     The FOQ may be based on judgment and demand history, economic order quantity (EOQ),
                     inventory characteristics (e.g., perishability), packaging constraints, storage space,
                     economically efficient production batches, or the size of a case, pallet, or truckload.
                     The
                     reorder point will vary based on demand for the SKU. (In general, no reorder will
                     be made as
                     long as inventory remains above a particular level.)

                  
                  
                  
                  Exhibit 6-29
                     illustrates the use of FOQ planning using an order point system example. It shows
                     how order
                     intervals may vary based on actual demand. For each planning period, the stock on
                     hand is
                     assessed against projected needs and the delivery lead time, the amount of time between
                     order placement and order receipt. Whenever the stock reaches a designated order point,
                     an
                     order for a fixed quantity is placed.

                  
                  
                  
                  
                     Exhibit 6-29: Order Point System with Fixed Order Quantity (s, Q)[image: Inventory replenishment chart showing a fixed order quantity, variable order intervals, and an order point. Inventory declines to the order point, then a replenishment arrives after lead time. Go to long description for details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Here’s
                     how it works.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Period 2: An order
                           is placed. Demand is higher than anticipated, and safety stock is used
                           to fill demand.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Period
                           4: The order is received two weeks after the order was placed.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Periods
                           4-8: The demand level does not require the replenishment because
                           the manufacturer is carrying more inventory than needed for current
                           demand.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Periods
                           9 and 12: Orders for the fixed amount are placed.

                        
                        

                     
                     

                  
                  
                  
                  While fast and easy, order point with fixed order
                     quantity does not minimize the costs involved (with the exception of if the EOQ method
                     is
                     used to determine the order quantity). It produces lot-size inventory, which jumps
                     up and
                     then falls gradually. This increases aggregate inventory levels, and it can result
                     in high
                     inventories of items that are infrequently in demand, since an entire case or more
                     may be
                     ordered but not be consumed quickly.

                  
                  
                  

               
               

            
            
            
            
               
               
               Period Order Quantity (Order n
                  Periods of Supply)

               
               
               
               
                  
                  
                  The ASCM Supply Chain
                        Dictionary defines period order quantity, also called the order n periods of supply method, as:

                  
                  
                  
                  
                     
                     
                        A lot-sizing technique under which the lot size is equal to the net requirements for
                           a given number of periods (e.g., weeks into the future). The number of periods to
                           order is variable, each order size equalizing the holding costs and the ordering costs
                           for the interval. See: discrete order quantity, dynamic lot sizing, fixed order period
                           system, fixed order quantity (FOQ), fixed-period quantity.
                        

                     

                  
                  
                  
                  This method orders enough SKUs to satisfy demand for n periods, where n stands
                     for a particular number of periods such as weeks or days. For example, if days of
                     supply are
                     known and are relatively stable for SKUs at a particular location, a certain number
                     of days
                     of supply could be ordered. This method is typically used with fixed order period
                     systems
                     (when orders are always submitted on a set schedule). It can be applied to dependent
                     and
                     independent demand items and does not generate lot-size inventory. It is often used
                     for SKUs
                     that are low in relative value (C items in ABC ordering systems).

                  
                  
                  
                  In the period order quantity (POQ) technique, inventory
                     planners order enough quantity to meet operations’ needs for a certain number of periods—n periods. The order quantity is based on an estimate of
                     what is required to satisfy demand for a certain number of periods. But what is the
                     most
                     cost-effective number of periods? To answer this question, POQ starts with economic
                     order
                     quantity (EOQ). EOQ is used to calculate the optimal size of an order; POQ is used
                     to
                     calculate the most economical time between orders. The formula for POQ is

                  
                  
                  
                  [image: ../images/mathml_id176FF090DOE.png]
                  
                  
                  
                  For example, the EOQ
                     for an item has been identified as 3,400 units. The annual usage of
                     the item is 72,000 items. The average weekly usage would be

                  
                  
                  
                  [image: ../images/mathml_id176FF0J0EIF.png]
                  
                  
                  
                  The POQ would be

                  
                  
                  
                  [image: ../images/mathml_id176FF0K0A27.png]
                  
                  
                  
                  This means that when
                     an order needs to be placed, the order amount will be sufficient for
                     three weeks. It does not mean the item will be ordered every three
                     weeks.

                  
                  
                  

               
               

            
            

         
         
         
         
            
            
            Summary of Ordering Systems

            
            
            
            
               
               
               Exhibit 6-30 summarizes order point and order
                  quantity systems just discussed. Material requirements planning, kanban, and
                  economic order quantity (EOQ) are also included.

               
               
               
               
                  Exhibit 6-30: Summary of Ordering Systems
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Main Characteristics

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    When to Use

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    When not to use

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Material requirements planning (MRP)

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Traditional system for manufacturing planning at
                                       dependent demand level.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    For dependent demand items.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Not for independent demand items.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Kanban systems

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Lean system for manufacturing planning primarily at
                                       dependent demand level.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    For dependent demand items or as supermarket approach to
                                       independent demand replenishment.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Less useful when demand is erratic, large lot sizes are
                                       needed, etc.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Economic order quantity (EOQ)

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    A way to calculate fixed order quantities that minimizes
                                       the sum of ordering and carrying costs.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Use with any system that uses fixed order quantities.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Not for ETO or MTO or when the underlying variables are
                                       too unpredictable.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Order point system with fixed order quantity (s,
                                          Q)

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Determine order point (number of units left in inventory)
                                       that defines when to order a fixed quantity. Determine
                                       order point using perpetual inventory system, visual
                                       review, or kanban.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    For high-volume finished goods, MRO, or independent
                                       demand items with stable and continuous demand. 

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Not for high-value “class A” items. Not useful if
                                       hundreds of items must be ordered at same time. Less
                                       useful if average demand during the lead time is highly
                                       variable. 

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Min-max system: Order point system with variable order
                                          quantity (s, S)

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Both order quantity and order point can vary. Sets a
                                       maximum inventory and a minimum inventory (minimum is
                                       the order point). 

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    For items with sporadic demand and short replenishment
                                       lead times.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Not for very long lead-time items.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Periodic review with fixed order quantity (R, s,
                                          Q)

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Order placed at regular fixed interval (order point is a
                                       defined date). Order quantity is fixed but an order is
                                       only placed if inventory has dropped to level s.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    For when review period is dictated by cycle counting or
                                       vendor supply calendars. Fixed order quantity dictated
                                       by logistics batch-size constraints.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Not for expensive, perishable, high variability, or
                                       long-lead time items.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Periodic review with variable order quantity (R,
                                          S)

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Order placed at regular fixed interval (order point is a
                                       defined date). Order quantity varies based on difference
                                       between target value and current inventory.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    For ordering large assortments of inventory to allow
                                       replenishment via consolidated shipment and consolidated
                                       transaction accounting. For short-shelf-life
                                       perishables.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Less useful for high-value class A items.

                                    
                                    
                                 

                              
                           

                        

                     
                     

                  
               
               

            
            

         
         
   
      
         
         
         
         Safety Stock and Safety Lead
            Time

         
         
         
         
            
            
            Here we address two key inventory issues: safety stock and safety lead
               time. Safety stock reduces the risk of lost sales due to unpredictable demand. Safety
               stock
               amounts can be determined using statistical calculation methods. We also address setting
               safety stock using time period calculations and fixed order of use and adjusting safety
               stock levels when lead times change. Safety lead time reduces risk through early
               ordering.

            
            

         
         
         
         
         
            
            
            Safety Stock Purposes and Decision
               Factors

            
            
            
            
               
               
               Here we discuss reasons for holding
                  safety stock, some factors that help determine how much safety stock to have, the
                  need to
                  set customer service levels strategically, and how to set the targeted customer service
                  level based on acceptable stockout rates.

               
               

            
            
            
            
               
               
               Reasons for
                  Holding Safety Stock

               
               
               
               
                  
                  
                  Safety stock serves
                     operations’ performance objectives in both manufacturing and service industries. For
                     items
                     with independent demand, safety stock supports customer service, the ability to fill
                     customer orders with the right quantity and quality and at the right time. For items
                     with
                     dependent demand, safety stock supports uninterrupted productivity, which affects
                     cost and
                     dependability performance.

                  
                  
                  
                  Safety stock is
                     often necessary because of unpredictable demand, unpredictable supply (e.g., delayed
                     transportation of orders, incomplete orders, items that do not meet quality standards,
                     supplier backorders), and production problems (e.g., equipment failure, labor
                     shortage).

                  
                  
                  
                  At the same time, safety stock
                     represents additional investment. Safety stock maintained at a level higher than necessary
                     can be a drag on operations’ financial performance. Sometimes carrying safety stock
                     is
                     merited because of unpredictable supply and demand, but at other times the presence
                     of a
                     safety stock cushion allows managers to avoid acknowledging and analyzing problems.

                  
                  
                  
                  Exhibit 6-31 shows what can
                     happen when inventory is held with no safety stocks. In this scenario, an organization
                     has
                     established a reorder point at just below 100 units (the demand during the lead time).
                     Its
                     demand is usually very stable, so it plans order lead time (LT) and replenishment
                     to
                     coincide with depletion to zero inventory.

                  
                  
                  
                  
                     Exhibit 6-31: Possible Results with Zero Safety Stock and Demand Variation[image: The graph depicts inventory levels over time, where the vertical axis represents quantity and the horizontal axis represents time. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  At point B, demand performed as expected; the safety stock was
                     sufficient to cover the order lead time and stockout has been avoided. At point A,
                     demand
                     was less than expected, and there was excess inventory when reorder occurred. At point
                     C,
                     demand was greater than expected, and inventory was depleted to zero before replenishment.
                     During that period, stockout occurred.

                  
                  
                  

               
               

            
            
            
            
               
               
               Factors for
                  Determining Safety Stock

               
               
               
               
                  
                  
                  After the decision is made to hold
                     safety stock at a particular stockkeeping location, how much to hold must be determined.
                     Decisions on these quantities are related to the following factors:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Targeted customer service level. The customer service
                           ratio (fill rate) can be specified as part of the organization’s strategy, and safety
                           stock can be calculated to meet this level. One way the customer service ratio might
                           be expressed is as the acceptable number of stockouts per period, which is related
                           to
                           order frequency. The customer service level can be set at an aggregate level, but
                           individual stock keeping units (SKUs) could have higher or lower levels depending
                           on
                           the other factors listed here.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Importance to customer. A key factor is to consider is whether a
                           stockout would be just an inconvenience to the customer or if it would be a
                           major disaster, such as a plant shutting down due to lack of parts. Items
                           with strict service level agreements usually have more safety stock to
                           address the risk of not providing service. Service-level
                              agreement (SLA) is defined in the ASCM Supply Chain Dictionary as: “A document that represents the terms of performance for organic support between a
                              service provider and a customer. The agreement describes the service, documents service
                              level targets, and specifies the responsibilities of the information technology (IT)
                              service provider and the customer. A single agreement may cover multiple services
                              or multiple customers.”

                        
                        

                     
                     
                     
                     	
                        
                        
                        Demand variability during lead time. When demand
                           variability is high, forecast error rates will be high, and higher amounts of safety
                           stock will be needed to provide a targeted customer service level.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Forecast error. The amount of forecast error can be
                           used in place of the degree of variability in demand, because a forecast is a way
                           of
                           addressing this variability and could minimize the impact of the variability (or make
                           it worse, given high forecast error rates). Therefore, forecast error is sometimes
                           used to calculate safety stocks.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Order frequency. When orders are less frequent, they
                           must also be in higher quantities to meet a given demand level. The only time a
                           stockout can occur is when inventory is about to be reordered, because this is when
                           the inventory will be running low. Thus, less-frequent orders result in fewer chances
                           of stockouts (but higher carrying costs).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Duration of lead time. When resupply takes longer,
                           there is more chance for demand variability to become an issue and, thus, more safety
                           stock is needed. Reducing lead times reduces safety stock requirements, so the reasons
                           for long lead times should be analyzed before increasing safety stock. If the lead
                           time were zero, there would be no need for safety stock, since resupply would be
                           instantaneous. The manufacturing environment will also affect lead-time duration.
                           For
                           example, a make-to-order organization may or may not need safety stocks of raw
                           materials depending on customer lead-time expectations versus the lead time required
                           to order these materials, produce, and ship. (They won’t have finished goods safety
                           stocks because these are made-to-order.)

                        
                        

                     
                     

                  
                  
                  
                  Whenever order frequency, lead times, or
                     other factors change for a product, it is important to reassess safety stock levels
                     to
                     ensure that just enough safety stock is being held to meet the targeted customer service
                     level.

                  
                  

               
               

            
            
            
            
               
               
               Importance
                  of Setting Appropriate Customer Service Levels

               
               
               
               
                  
                  
                  The ASCM Supply Chain Dictionary
                     defines service level as:

                  
                  
                  
                  
                     
                     
                        A measure (usually expressed as a percentage) of satisfying demand through inventory
                           or by the current production schedule in time to satisfy the customers’ requested
                           delivery dates and quantities. In a make-to-stock (MTS) environment, service level
                           is sometimes calculated as the percentage of orders picked complete from stock upon
                           receipt of the customer order, the percentage of line items picked complete, or the
                           percentage of total dollar demand picked complete. In make-to-order (MTO) and design-to-order
                           (DTO) environments, service level is the percentage of times the customer-requested
                           or acknowledged date was met by shipping complete product quantities. Syns.: level
                           of service, measure of service. See: cycle service level.
                        

                     

                  
                  
                  
                  Customer service is often expressed using the customer service
                     ratio (also called the fill rate), which is basically the percentage of time units
                     were
                     shipped on schedule. Note that there are many variants of this ratio, such as those
                     listed
                     in the definition. No one method is best for all purposes. Depending on the manufacturing
                     environment, customer service might mean the percentage of stockouts or backorders.
                     Thus,
                     whether or not inventories are held, customer service is important. One metric that
                     can be
                     used even with organizations that engineer- or make-to-order is on-time schedule
                        performance, defined by the ASCM Supply Chain Dictionary as:

                  
                  
                  
                  
                     
                     
                        A measure (percentage) of meeting the customer’s originally negotiated requested delivery
                           date. Performance can be expressed as a percentage based on the number of orders,
                           line items, or dollar value shipped on time.
                        

                     

                  
                  
                  
                  Safety stock levels can be calculated to result in a particular
                     customer service level, such as a 95 percent chance that units will be in stock when
                     needed. If this is the service level, then the stockout percentage would be its
                     complement, or

                  
                  
                  
                  [image: ../images/mathml_id2297DB00AQN.png]
                  
                  
                  
                  The ASCM Supply Chain
                        Dictionary defines stockout percentage as:

                  
                  
                  
                  
                     
                     
                        A measure of the effectiveness with
                           which a company responds to actual demand or requirements. The stockout percentage
                           can be a comparison of total orders containing a stockout with total orders or of
                           line items incurring stockouts with total line items ordered during a period. One
                           formula is stockout percentage = (1 – customer service ratio) × 100 percent. Ant.:
                           customer service ratio.
                        

                     

                  
                  
                  
                  The idea is that safety stock protects against uncertainty in supply or
                     demand and uncertainty caused by forecasting error.

                  
                  
                  
                  Sales and marketing functions will have an incentive to maximize the
                     customer service level and thus increase inventory levels to ensure that no sales
                     or due
                     dates are missed. Distributors, wholesalers, and retailers will also have an incentive
                     to
                     ensure that stockouts are rare. In addition to missing sales, customers may become
                     dissatisfied and shop elsewhere or have less customer loyalty, so the impact of missed
                     sales may translate to lower market share.

                  
                  
                  
                  However, the amount of safety stock needed to increase customer service grows more
                     quickly as you approach 100 percent customer satisfaction, as shown in Exhibit 6-32. (An exception would be
                     perfectly stable demand, which could achieve perfect satisfaction with no safety
                     stock.)

                  
                  
                  
                  
                     Exhibit 6-32: Safety Stock Requirements at High Service Levels[image: A chart showing safety stock increasing sharply as customer service levels rise from 50% toward 100%, illustrating that higher service levels require disproportionately more safety stock.]
                  
                  
                  
                  
                  Providing 100 percent customer service is
                     prohibitively expensive. Therefore, the customer service objective is better stated
                     as
                     achieving a targeted level of customer service than as maximizing customer service.
                     It
                     should be noted that improvements in customer service can be made in other ways than
                     safety stock, including shortening lead times and increasing manufacturing
                     flexibility.

                  
                  

               
               

            
            
            
            
               
               
               Establishing Service Levels Based on Number of Stockouts

               
               
               
               
                  
                  
                  Once the organization decides how
                     problematic a stockout would be for a particular SKU, it can specify the customer
                     service
                     level as a particular number of allowed stockouts per period.

                  
                  
                  
                  Exhibit 6-33
                     illustrates how order frequency impacts the number of chances of a stockout.

                  
                  
                  
                  
                     Exhibit 6-33: Stockout Opportunities Are Based on Order Frequency[image: The image consists of two graphs showing inventory levels over time. Both graphs show the cyclic nature of inventory levels, but with different order quantities and corresponding average inventory levels. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  In the top scenario, there are two orders during the
                     period for 500 units each. (Q stands for order quantity.) Inventory will approach
                     zero—and
                     there will be a chance of a stockout—twice, just before each resupply order arrives.
                     In the
                     bottom scenario, there are four orders during the period for 250 units each, which
                     reduces
                     average inventory from 250 units to 125 but results in four chances of a stockout
                     instead of
                     two. The quantity of orders and the frequency of ordering are interrelated (increasing
                     one
                     will decrease the other, assuming that demand remains the same), and the proper balance
                     will
                     be determined based on minimizing the carrying cost plus the ordering cost. The duration
                     of
                     the lead time will also impact safety stock requirements.

                  
                  
                  
                  Given information on the
                     annual demand and the order quantity per order, the number of orders that need to
                     be made
                     per period can be calculated as follows. (Assume an annual demand of 8,000 units and
                     an
                     order quantity of 400 units.)

                  
                  
                  
                  [image: ../images/mathml_id20A7KF00UYK.png]
                  
                  
                  
                  If management decides
                     that this item can risk two stockouts per year, this can be translated into a customer
                     service level using the following formula:

                  
                  
                  
                  [image: ../images/mathml_id20A7KG00KHT.png]
                  
                  
                  
                  In this case, the
                     customer service level is 90 percent.

                  
                  
                  
                  After the customer
                     service level percentage is determined, a safety factor table is used to translate
                     standard deviation or mean absolute deviation in units into a number of units of safety
                     stock at the chosen level. This process is described at the end of the discussion
                     of the
                     statistical methods of safety stock calculation, which we will look at next.

                  
                  
                  
                  Another way to get to the same customer service
                     level would be to order less frequently in larger quantities but hold less safety
                     stock.
                     The costs of these alternatives might be compared and the least costly method
                     chosen.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Statistical Methods of Safety Stock Calculation

            
            
            
            
               
               
               Statistical methods for determining
                  safety stock levels approach the issue mathematically, using variations in demand
                  or
                  forecast error and the desired level of customer service to determine a range of safety
                  stock. Such methods are most commonly used for items with independent demand.

               
               
               
               The first step is to calculate the degree to which demand can be
                  expected to fluctuate. This can be done in various ways, such as by calculating the
                  following:

               
               
               
               
                  
                  
                  	
                     
                     
                     Mean absolute deviation (MAD) of actual demand from
                        forecast demand

                     
                     

                  
                  
                  
                  	
                     
                     
                     Standard deviation (SD) of actual demand from average
                        demand

                     
                     

                  
                  

               
               
               
               MAD is easy to calculate but less precise than the other two methods. SD
                  measures the volatility of demand but does not address the reliability of the forecasts
                  themselves. It is a method of calculating the deviation from the mean result and so
                  is
                  useful in setting safety stocks because it is a measurement of stable versus dynamic
                  demand. 

               
               
               
               After addressing these methods, a way to translate
                  these calculations into actual safety stock amounts for a given service level is shown.
                  This
                  uses a safety factor table.

               
               
               

            
            
            
            
               
               
               Calculating
                  Safety Stock Using MAD

               
               
               
               
                  
                  
                  Forecast error
                     can be caused by bias or by random variation. When bias is detected, the goal is to
                     eliminate its root cause. A good forecast should lack bias but will still have some
                     random
                     variation. Assuming that the forecast has minimized bias to the degree possible, the
                     amount of error from random variation will dictate how much safety stock to hold,
                     because
                     this error level expresses the demand variability during the lead time. If there is
                     zero
                     random variation, there would be no need for safety stock; it would mean that the
                     forecast
                     was always right and there would never be a stockout.

                  
                  
                  
                  Safety stock can be related to error rates. As error rates increase or
                     decrease, the safety stock levels can be recalculated. They may even be set to
                     automatically increase or decrease if forecast error rates are directly linked to
                     the
                     inventory control system.

                  
                  
                  
                  Elsewhere we
                     calculated MAD for a forecasting technique. Exhibit 6-34 shows the results of that error analysis on a bell curve: One MAD
                     was calculated to be 28 units of a commercial door family, two was 56 units, and three
                     was
                     84 units. (The example does show some bias, but let’s assume that the variation was
                     entirely random.)

                  
                  
                  
                  
                     Exhibit 6-34: Mean Absolute Deviation from Previous Forecast[image: The image illustrates the concept of Mean Absolute Deviation (MAD) from a previous forecast, using a normal distribution curve. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Note the phrase “50% Chance of Overstock”
                     at the top left in the exhibit. Half of the time, even with no safety stock, there
                     will
                     not be a stockout. There will instead be some amount of overstock. The further one
                     goes to
                     the left, the higher the overstock would be, but the likelihood of this also becomes
                     less
                     and less. If you carry one MAD worth of safety stock, you will add the 50 percent
                     chance
                     of overstock plus the 30 percent for holding those extra 28 units, to have about an
                     80
                     percent chance of no stockout. Similarly, if you hold 56 units of safety stock, you
                     will
                     raise this to about a 95 percent chance, and, with 84 units of safety stock, you would
                     have sufficient stock about 99 percent of the time.

                  
                  
                  
                  Given an error rate in MADs, one can then set a specific customer
                     service level for safety stocks instead of relying on these whole numbers of 1, 2,
                     or 3
                     MADs. How to do this using a safety factor table is addressed just after we cover
                     the
                     other two calculation methods.

                  
                  

               
               

            
            
            
            
               
               
               Calculating Safety Stock Using
                  SD

               
               
               
               
                  
                  
                  The degree of variation in a data series is
                     calculated over a certain number of periods and is expressed as a unit of standard
                     deviation. Exhibit 6-35 shows standard deviations
                     over a normal distribution curve.

                  
                  
                  
                  
                     Exhibit 6-35: Standard Deviations in a Normal Distribution[image: The image illustrates standard deviations in a normal distribution, showing a bell curve centered at zero, representing the mean. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Each standard deviation (referred to as a
                     sigma or SD or by the sigma symbol [σ]) represents a percentage of the data series.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        One SD represents all data points within a
                           range of 34.14 percent to the right and to the left, for a total of 68.27 percent.
                           This correlates to the chance that an overstock (to the left of center) or stockout
                           (to the right of center) will occur.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Two SD represents an additional 13.59 percent
                           in either direction and a total of 95.45 percent of all data points.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Three SD adds another 2.14 percent in either
                           direction and accounts for 99.73 percent of all data points. (You can extend this
                           concept by three more sigmas in each direction to reach the number of sigmas in the
                           six sigma quality-oriented framework.)

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Setting Safety Stock for
                  Service Level

               
               
               
               
                  
                  
                  The customer service level can be determined by using a safety factor
                     table, as shown in Exhibit 6-36. One simply selects
                     the desired customer service level from the left column and then multiplies either
                     the SD or
                     MAD in units by the factor in the appropriate column.

                  
                  
                  
                  
                     Exhibit 6-36: Safety Factor Table
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Percentile
                                          Customer Service Level

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       SD (Units x Factor
                                          Below)

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       MAD (Units x
                                          Factor Below)

                                       
                                       
                                    
                                    

                                 
                                 
                              
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       50.00

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       0.00

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       0.00

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       75.00

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       0.67

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       0.84

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       80.00

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       0.84

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1.05

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       84.13

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1.00

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1.25

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       85.00

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1.04

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1.30

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       89.44

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1.25

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1.56

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       90.00

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1.28

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1.60

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       93.32

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1.50

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1.88

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       94.00

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1.56

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1.95

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       94.52

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1.60

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2.00

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       95.00

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1.65

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2.06

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       96.00

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1.75

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2.19

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       97.00

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1.88

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2.35

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       97.72

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2.00

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2.50

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       98.00

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2.05

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2.56

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       98.61

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2.20

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2.75

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       99.00

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2.33

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2.91

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       99.18

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2.40

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       3.00

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       99.38

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2.50

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       3.13

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       99.50

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2.57

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       3.20

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       99.60

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2.65

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       3.31

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       99.70

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2.75

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       3.44

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       99.80

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2.88

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       3.60

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       99.86

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       3.00

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       3.75

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       99.90

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       3.09

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       3.85

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       99.93

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       3.20

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       4.00

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       99.99

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       4.00

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       5.00

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        
                        
                        
                           Source:
                              www.supplychainchannel.org
                           

                        
                        

                     
                  
                  
                  
                  For
                     example, the calculations for a customer service level of 90 percent for each of the
                     three methods is

                  
                  
                  
                  [image: ../images/mathml_id22AO8I004VY.png]
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                  The MAD example
                     followed our commercial door manufacturer case study, and we assume that the organization
                     needs a 90 percent certainty that the item will be in stock. The 90 percent service
                     level
                     factor is 1.60 for the MAD column, and this is multiplied by the MAD of 28 units,
                     for a
                     total of 45 units of safety stock.

                  
                  
                  
                  The SD example uses a different set of data, but we assume
                     that the planner still needs a 90 percent service level and finds that this requires
                     a
                     service factor of 1.28 for SD. The SD of 165 of 75 is multiplied by 1.28. The manufacturer
                     will need safety stock of 211 units using the SD approach. This shows that the choice
                     of
                     method can be significant. The SD method might be used if the organization is producing
                     to a
                     level schedule and wants to use safety stock to address seasonality rather than building
                     cycle stock inventory to address the seasonality. Alternatively SD could be used if
                     there is
                     very little seasonality or if the seasonality was otherwise accounted for, such as
                     by
                     calculating SD separately for each season. The organization could also track each
                     method
                     over time to see which one was proving the most accurate.

                  
                  
                  
                  Note a couple of other things about this table. First, no
                     safety stock is needed to achieve the 50 percent customer service level due to the
                     overstock
                     probability. Second, the chance of sufficient stock at exactly 3 MADs is actually
                     99.18
                     percent rather than the approximation shown in the bell curve for MAD, revisited below
                     in
                     Exhibit 6-37. 

                  
                  
                  
                  
                     Exhibit 6-37: Mean Absolute Deviation from Previous Forecast
                     
                     [image: The image illustrates the concept of Mean Absolute Deviation (MAD) from a previous forecast, using a normal distribution curve. Go to long description for more details.]
                     
                     
                     
                        Go to long description.
                        

                     
                     
                  
                  
                  
                  The factor is just a fractional number of standard deviations or MADs. A
                     99.99 percent service level would require 5 MADs or 140 units of safety stock for
                     the doors
                     example or 4 SDs or 660 units of safety stock for the other example. Either of these
                     would
                     have a high carrying cost.

                  
                  
                  
                  The service level decision is usually
                     made by management or sales, who have a more complete picture of the strategic importance
                     of customers purchasing this inventory. Note that an aggregate service level can be
                     one
                     overall level, but individual products or SKUs might have different service levels
                     based
                     on the relative importance of the inventory and the need for control at that location.
                     Overall, these service levels should conform to the aggregate customer service goal,
                     but
                     some might be higher and others lower.

                  
                  
                  
                  The
                     organization can set safety stock service levels using the categories of an ABC
                     classification. If the categories are chosen to reflect the dollar volume of the items,
                     the organization will be motivated to achieve high customer service for its A items
                     but
                     this safety stock will be very expensive per unit. Therefore they set the customer
                     service
                     level very carefully and keep it as low as is reasonable while still achieving the
                     targeted service level. B items can have average safety stock levels. C items have
                     very
                     low carrying cost and so they can have a liberal safety stock policy. (For C items
                     that
                     are very intermittent in demand, they may want to instead use safety lead
                     time.)

                  
                  
                  

               
               

            
            

         
         
         
         
            
            
            Safety Stock Methods Related to Timing

            
            
            
            
               
               
               In addition to statistical methods of setting safety stock levels, a
                  method called time period safety stock can be used to account for seasonality or other
                  time-based demand variations. The fixed order safety stock method is also addressed
                  here,
                  which can be used to phase in or phase out a component or item and introduce a new
                  version
                  per engineering change orders. We also look at how changes in lead time should cause
                  recalculation of safety stock levels, and a fast method of approximating aggregate
                  safety
                  stock requirements is presented.

               
               

            
            
            
            
               
               
               Time Period
                  Safety Stock

               
               
               
               
                  
                  
                  The time period safety stock approach is used with dependent demand
                     inventory subject to fluctuating demand; this approach allows the safety stock level
                     to
                     change with demand. The time period approach can also be used with independent demand
                     items (e.g., finished goods) when organizations have seasonal sales patterns. The
                     finished
                     goods safety stocks can ramp up and down with the seasonality of sales.

                  
                  
                  
                  Time period safety stock provides an even amount of
                     safety stock, equal to the estimated usage, over a designated time frame. The period
                     can
                     be set as days, weeks, or months. Safety stock varies directly with the change in
                     dependent or independent demand, as applicable. This differs from statistical-based
                     safety
                     stock in that the amount is not based on deviation from demand. Instead, when demand
                     varies in future periods, such as with seasonal products, the time period safety stock
                     varies to reflect the dynamic quantity.

                  
                  
                  
                  For example, a low-cost,
                     independent demand C-class item is reviewed for ordering on a monthly basis. Providing
                     a
                     one-month time period of safety stock protects against the situation in which an
                     end-of-month review does not indicate reorder but, on the next day, the available
                     balance
                     is taken below the reorder point. With no formal review planned until the end of the
                     month, stockout will occur. The safety stock quantity protects against this.

                  
                  
                  
                  Time period safety stock is projected based on
                     actual demand, forecast demand, or a combination of the two. Inventory systems set
                     up
                     using a monthly forecast to determine demand multiply the forecast monthly usage by
                     the
                     number of time periods:

                  
                  
                  
                  [image: ../images/mathml_id176RG0P20TN.png]
                  
                  
                  
                  So, if an item is
                     reviewed every two weeks (or 0.5 months) and has monthly demand of 50 units, the time
                     period safety stock would be 25 units.

                  
                  
                  
                  [image: ../images/mathml_id176RG0R0DPM.png]
                  
                  
                  
                  This method can be used
                     for more frequent reviews, but if the time period is daily, the forecast should be
                     normalized to account for months with differing numbers of days.

                  
                  
                  

               
               

            
            
            
            
               
               
               Fixed Order
                  Safety Stock (Fixed Order of Use)

               
               
               
               
                  
                  
                  The fixed order safety stock approach is used to plan safety stock
                     quantities for parts that require special oversight—for example, when parts are being
                     transitioned in or out of use as part of an engineering change.

                  
                  
                  
                  A new part does not have adequate demand history to use the statistical
                     method, so the planner establishes a fixed safety stock quantity high enough to provide
                     the target service level.

                  
                  
                  
                  The part
                     transitioning out of the system has too much history. An automated system may try
                     to
                     calculate safety stock and trigger replenishment. So the planner sets the fixed safety
                     stock to zero and manually checks usage against stock balances.

                  
                  
                  

               
               

            
            
            
            
               
               
               Adjusting
                  Safety Stock Based on Lead Time Change

               
               
               
               
                  
                  
                  When lead times increase or decrease for
                     a product or product family, the mean absolute deviation, standard deviation, or root
                     mean
                     squared error should be recalculated, since error rates are higher for items with
                     longer
                     lead times. (This is because there is more room for variability in a longer period
                     of time
                     and less room in a shorter period.) The duration of the lead time in this case refers
                     to
                     the time starting from when an order is placed to when it arrives. That is, slower
                     shipping methods or other delays between order entry and order receipt will create
                     a
                     larger chance of a stockout than a shorter duration of time, so more safety stock
                     will be
                     needed.

                  
                  
                  
                  However, given the large number of
                     products with different lead times that many organizations carry, often a method of
                     approximation is all that is needed. Using the example of 45 units of safety stock
                     to
                     provide a 90 percent customer service level, assume that the product has a six-week
                     lead
                     time. We can approximate what the safety stock level would need to be if the lead
                     time
                     changed to five or seven weeks using the following formula:
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                  Thus, reducing the
                     lead time reduces the safety stock requirement, while increasing the lead time increases
                     the safety stock requirement.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Safety Lead Time

            
            
            
            
               
               
               In
                  addition to safety stock, another method to protect against uncertainties in supply
                  or
                  demand is safety lead time. The ASCM Supply Chain
                     Dictionary defines safety lead time as:

               
               
               
               
                  
                  An element of time added to normal lead time to protect against fluctuations in lead
                        time so that an order can be completed before its real need date. When used, the material
                        requirements planning (MRP) system, in offsetting for lead time, will plan both order
                        release and order completion for earlier dates than it would otherwise. Syns.: protection
                        time, safety time.

                  

               
               
               
               Safety lead time works best for lead time uncertainty
                  and not as well for quantity uncertainty. Lead time uncertainty can take different
                  forms.
                  For supply or demand, a delivery could be late or other supply interruptions could
                  occur.
                  For demand, a customer could order earlier than usual. 

               
               
               
               Exhibit 6-38 shows what can happen when safety lead time
                  is not used. In this scenario, demand during the lead time is stable and no safety
                  stock is
                  used, but the lead time is not stable. If the lead time is faster than expected or
                  is
                  exactly as expected, no stockout will occur. However, if the lead time is slower than
                  expected, a stockout will occur.

               
               
               
               
               
                  Exhibit 6-38: Stable Demand but Unstable Lead Time[image: Inventory-level chart showing reorder point, demand, and replenishment. Three lead-time scenarios (A, B, C) illustrate stockout risk depending on when replenishment arrives. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               Safety lead time can be used for dependent or
                  independent demand. For items with dependent demand, there is by definition no demand
                  variability since these amounts are calculated, so safety lead time can protect against
                  lead
                  time variability while not generating additional stock that may not be covered by
                  demand.
                  For items with independent demand, safety lead time can still be used, but most independent
                  demand items have demand variability so safety stock is often preferred. It can be
                  used with
                  independent demand item if they have very little or no demand variation but do have
                  lead
                  time variation.

               
               
               
               Using safety lead time results in a spike in inventory that quickly resolves itself.
                  Safety
                  lead time can be beneficial compared to safety stock for items with sporadic demand,
                  because
                  it reduces uncertainty without resulting in more units that may not sell for a long
                  time.

               
               
               
               Let’s look at an example of how safety lead time
                  works. Say that a product has a two-week lead time and is needed in period 4, which
                  means
                  that the system would normally release the order in period 2. If a one-week safety
                  lead time
                  is used, the order will be released in period 1 and arrive in period 3. The due date
                  would
                  still need to be set as period 4, however, or any linked requirements would also be
                  impacted.

               
               

            
            

         
         
   
      
         
         
         
         Special Inventory and MRO Supplies

         
         
         
         
            
            
            The industry and its inventory types will dictate whether
               specialty inventory policies (as well as specialized operations and warehouse areas)
               are needed. Here we discuss special inventory, including high-security, perishable,
               temperature-controlled, and dangerous goods/hazardous materials. We also look at
               special parts inventories needed for maintenance, repair, and overhaul (MRO) in the
               remanufacturing industry or for internal use in operations.

            
            

         
         
         
         
         
            
            
            Special Inventory

            
            
            
            
               
               
               Special
                  inventory may require special packaging and handling. Types of special inventory
                  include high-security goods, perishable goods, temperature-controlled goods (these
                  require using a cold chain), and hazardous materials/dangerous goods.

               
               

            
            
            
            
               
               
               Packaging and Handling

               
               
               
               
                  
                  
                  Packaging is
                     crucial to the successful transportation of
                     products through the supply chain. Fragile
                     products or components or those that easily suffer
                     cosmetic damage may require special handling to
                     prevent damage in transit. This can include
                     dunnage, or materials added to keep loads from
                     shifting. Increasing spending on packaging quality
                     can offset costs related to product damage and its
                     associated reverse logistics and customer
                     relationship costs.

                  
                  

               
               

            
            
            
            
               
               
               High-Security Goods

               
               
               
               
                  
                  
                  Especially valuable or hazardous materials/dangerous
                     goods need to have special security areas and related policies and procedures for
                     storage, materials handing, and processing. This may include segregation from other
                     inventory or specific inventory types. Secure areas can typically be relatively
                     small in size, since valuable goods are typically not ordered in bulk but are
                     instead ordered lot-for-lot. Security policies and controls need to protect against
                     theft by both external parties and insiders.

                  
                  

               
               

            
            
            
            
               
               
               Perishable Goods

               
               
               
               
                  
                  
                  Perishable goods often require special
                     considerations throughout the supply chain. Certain products may require
                     humidity control to prevent rust, rot, mold, or other issues during
                     transportation. To avoid spoilage, perishable items like fruit, vegetables,
                     meats, fish, or yeast may require refrigeration or freezing (discussed more
                     below), fast modes of transport, and special monitoring equipment. Fruits and
                     vegetables also ripen after being picked unripe. During this time, they emit
                     heat and gases in a process called respiration. In some cases, it is necessary
                     to slow this ripening process by using refrigeration or by pumping gases to
                     surround the inventory.

                  
                  

               
               

            
            
            
            
               
               
               Temperature-Controlled Goods and the Cold Chain

               
               
               
               
                  
                  
                  Temperature-controlled goods are goods that retain their integrity
                     only within a given temperature range for some or each part of their sourcing,
                     manufacture, and distribution. Foods and pharmaceuticals are two common examples of
                     perishable goods that require strict temperature controls throughout the transit
                     process. This is achieved by use of a cold chain, which is defined by the ASCM Supply Chain Dictionary as:

                  
                  
                  
                  
                     
                     
                        The storage and transfer of temperature-controlled products. Industries in the cold
                           chain include food and agriculture, pharmaceuticals, and chemicals.
                        

                     

                  
                  
                  
                  Temperature-controlled goods usually
                     require specialized manufacturing and storage facilities as well as frozen,
                     refrigerated, or heated transportation methods. The goals of such systems
                     include

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Ensuring
                           product efficacy, safety, quality, and saleability

                        
                        

                     
                     
                     
                     	
                        
                        
                        Providing
                           policies, procedures, and equipment for worker health and safety,
                           including sufficient personal protective equipment (PPE) to deal with
                           temperature extremes

                        
                        

                     
                     
                     
                     	
                        
                        
                        Ensuring regulatory compliance such as proof of temperature
                           over time (e.g., radio frequency identification (RFID) or other internet of
                           things (IoT) sensors and maintaining data records via blockchain or other
                           methods).

                        
                        

                     
                     

                  
                  
                  
                  Temperature requirements are usually
                     specified in a range. Refrigerated goods that get too cold and freeze can result
                     in contents expanding, which can harm product quality and destroy packaging,
                     causing loss of product and spills. Some chemicals need to be kept from freezing
                     in cold weather and are transported in heated tanks or containers. For this
                     reason, a cold chain may handle many different products featuring different
                     temperature requirements. Due to the variability of temperature requirements,
                     refrigerated containers are increasingly being selected over refrigerated ships,
                     as they can handle smaller lot sizes.

                  
                  
                  
                  Despite the perishability of the items being transferred, the
                     cold chain does not always use the fastest mode of transportation. For example,
                     pharmaceuticals may be small and lightweight enough to be transferred via air
                     transportation. However, perishable food may not be able to be shipped in large
                     enough quantities overseas using any method other than water transportation.
                     Additionally, within the food category, different products may require special
                     handling to prevent spoilage but at different temperatures. Some tropical fruits
                     may be susceptible to damage from low temperatures, while other fruits may
                     require low temperatures to survive the trip. Some products may be best
                     transported while frozen.

                  
                  
                  
                  No matter the requirement,
                     temperature maintenance is crucial, as time spent above the ideal transportation
                     temperature may cause rapid deterioration and loss of value. Temperature can
                     affect the efficacy and quality of certain pharmaceuticals and chemicals.
                     Regulations are stringent for consumable items and especially so for drugs.
                     Product traceability can also require temperature traceability. Temperature
                     sensors may be used to indicate if a shipment was outside acceptable temperature
                     ranges for the product.

                  
                  
                  
                  Facilities
                     that process or store temperature-controlled goods create ongoing energy costs
                     that need to be minimized. For example, a refrigerated goods company saved 25
                     percent in energy costs by using radio frequency identification to make
                     refrigerated doors at their warehouse open and close automatically at the
                     arrival and departure of trucks. Regularly maintaining refrigeration equipment
                     can reduce risks of spoilage and keep overall costs lower.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Dangerous Goods (Hazmat)

            
            
            
            
               
               
               The term dangerous goods is a
                  specific UN classification for material transport and storage. Another name for
                  dangerous goods is hazardous materials (hazmat). It is defined by the ASCM Supply Chain Dictionary as:

               
               
               
               
                  
                  
                     Hazardous
                        materials
                     : 
                     Any material that a country’s
                        relevant government agency has classified as a risk to human, animal, or
                        environmental health or to property—either on its own or due to interaction with
                        other elements. A government’s transportation authority may allow transportation
                        only when proper permits and safety precautions are implemented. Similarly, a
                        government may regulate or supervise hazardous material disposal. Categories include
                        explosives, flammable or corrosive liquids or gases, biohazards, and radioactive
                        materials.
                     

                  

               
               
               
               The International Air Transport
                  Association’s (IATA’s) Dangerous Goods Regulations manual defines dangerous
                  goods as those “articles or substances which are capable of posing a risk to health,
                  safety, property, or the environment.” Note that this includes not only
                  transportation assets, but also persons, property, or a part of the environment
                  harmed in an area of an incident. The International Maritime Dangerous Goods (IMDG)
                  Code defines dangerous goods as “the substances, materials and articles covered by
                  the IMDG Code.” According to the U.S. Department of Transportation, items or goods
                  are called dangerous goods (hazmat) when they are “capable of posing an unreasonable
                  risk when transported in commerce to health, to safety, and to property.”

               
               
               
               The waste output of a process can also create such
                  materials. As defined in the ASCM Supply Chain
                     Dictionary, hazardous waste is: “Waste, such as chemicals, nuclear materials, or toxic substances, that is hazardous
                     to humans, animals, or the environment and requires special handling and disposal
                     procedures.”

               
               

            
            
            
            
               
               
               Safety Data Sheets (SDS)

               
               
               
               
                  
                  
                  The ASCM Supply Chain Dictionary defines safety data sheet (SDS) as:

                  
                  
                  
                  
                     
                     A document that is part of the
                           materials information system and accompanies the product. It was formerly referred
                           to as the manufacturing safety data sheet. The document is prepared by the
                           manufacturer and provides information regarding the safety and chemical properties
                           to downstream users and, if necessary, regarding the long-term storage, handling,
                           and disposal of the product. Among other factors, the SDS describes: the hazardous
                           components of a product; how to treat leaks, spills, and fires; and how to treat
                           improper human contact with the product.

                     

                  
                  
                  
                  Despite a significant amount of standardization that has been adopted for SDSs,
                     various countries have differences in what needs to be disclosed and how it is
                     presented for reasons including:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        UN GHS standards have been through a number of revisions (editions), and
                           different countries choose to stay at earlier revisions for extended
                           periods. This can result in the same materials having different
                           classifications by country, for example.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Different countries may require different disclosures be made on safety
                           data sheets (SDSs) since the understanding of various dangerous goods
                           continues to evolve as research is done, but countries accept new findings
                           differently. For example, one country may consider a material to be
                           cancer-causing while another may be silent on the issue. In another example,
                           the exposure cutoffs for a hazard may differ between nations.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Each country’s unique transportation requirements need to be included on
                           the SDS.

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Hazard Classes

               
               
               
               
                  
                  
                  The United Nations’ Globally Harmonized System
                     of Classification and Labeling of Chemicals (GHS) was adopted in 2002. A safety data
                     sheet (SDS) for each chemical is developed that lists useful information on, for
                     example, first aid, accidental release, transport, regulations, toxicology, and
                     ecology. Revised every two years, GHS labels provide three vital pieces of
                     information: a graphic pictogram, a signal word like “danger,” and a hazard
                     statement. Most of the major countries in the world now use it. For example, it has
                     been adopted in EU law as the CLP Regulation and in the U.S. as part of the OSHA
                     standards.

                  
                  
                  
                  Exhibit 6-39 itemizes dangerous goods and their nine hazard class GHS
                     classifications. This is a global standard. Both the packaging, any overpack, and
                     the container or vehicle transporting the materials must have the proper
                     signs/labels. The pictogram plus the hazard class number (and division if
                     applicable) are required. Words on the sign are optional except that radioactive
                     materials must have “radioactive” on the label.

                  
                  
                  
                  
                     
                     
                     
                        Exhibit 6-39: Dangerous Goods (Hazmat) Classes
                        
                           
                           
                           
                           
                              
                              
                                 
                                 
                                    
                                    
                                    
                                    
                                    
                                    
                                    
                                 
                                 
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Class

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Dangerous
                                             Goods (Hazmat)

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Divisions
                                             (if any) and Other Notes

                                          
                                          
                                       

                                    
                                 
                                 
                                 
                                    
                                    
                                       
                                       	
                                          
                                          
                                          1

                                          
                                          
                                       
                                       
                                       	
                                          
                                          Explosives (sign: orange; explosives pictogram
                                                for 1.1, 1.2, and 1.3 only; 1.4, 1.5., and 1.6
                                                list number)

                                          
                                          
                                          [image: ../images/CLTDgraphic25-18b_Explosives.png]
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                                                Division 1.1: Mass explosion risk. Restricted
                                                   on commercial aircraft: need military
                                                   transport.

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                Division 1.2: Projectile hazard. Some
                                                   compatibility groups allowed on commercial
                                                   aircraft only, rest are prohibited.

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                Division 1.3: Minor explosion risk. Some
                                                   compatibility groups allowed on commercial
                                                   aircraft only, rest are prohibited.

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                Division 1.4: Small hazard in event of
                                                   explosion (e.g., small fireworks). Only
                                                   compatibility group S (accidental functioning
                                                   confined to package) are allowed on commercial
                                                   flights.

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                Division 1.5: Mass explosion risk but
                                                   insensitive (unlikely to detonate even if on
                                                   fire). Main one is ammonium nitrate-fuel oil.

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                Division 1.6: No mass explosion risk and
                                                   insensitive.

                                                
                                                

                                             

                                          
                                          
                                       

                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          2

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Compressed gases (sign: red for 2.1, green for
                                                2.2 but yellow if oxidizer, white for 2.3)
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                                                Division 2.1: Flammable gas. Includes aerosols
                                                   with flammable compressed-gas propellent.
                                                   Prohibited on aircraft with some rare exceptions.
                                                   

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                Division 2.2: Nonflammable, nontoxic gas. If an
                                                   oxidizer (e.g., oxygen), it gets the oxidizer
                                                   class too and most likely cannot be shipped by
                                                   aircraft.

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                Division 2.3: Toxic gas. Surface transport
                                                   only.

                                                
                                                

                                             

                                          
                                          
                                       

                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          3

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Flammable liquids (sign: red)

                                          
                                          
                                          
                                          [image: ../images/CLTDgraphic25-18b_FlammableLiquid.png]

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Has no
                                             divisions, but the specific name of the liquid,
                                             e.g., gasoline/petrol, may be on the hazard
                                             sign.

                                          
                                          
                                       

                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          4

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Flammable solids (sign: red and white stripes for
                                                4.1, white top and red bottom for 4.2, blue for
                                                4.3)
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                                          [image: ../images/CLTDgraphic25-18b_SpontaneousCombust.png]
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                                                Division 4.1: Flammable solids such as sulfur or
                                                   matches.

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                Division 4.2: Spontaneously combustible solids
                                                   such as charcoal or powdered metals.

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                Division 4.3: Substance that becomes
                                                   spontaneously flammable or emits flammable gas in
                                                   contact with water (e.g., lithium).

                                                
                                                

                                             

                                          
                                          
                                       

                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          5

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Oxidizers (sign: yellow for 5.1, red top and
                                                yellow bottom for 5.2)
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                                                Division 5.1: Oxidizers such as hydrogen
                                                   peroxide.

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                Division 5.2: Organic peroxides, which are
                                                   organic compounds with both carbon (fuel) and
                                                   oxygen (oxidizer).

                                                
                                                

                                             

                                          
                                          
                                       

                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          6

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Toxic substances (sign: white with ! for acutely
                                                toxic (harmful), skull and crossbones for acutely
                                                toxic (severe), or white with biohazard pictogram
                                                for infectious substances)
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                                                Division 6.1: Toxic substance such as chlorine,
                                                   chlorine derivatives, or nicotine usually shipped
                                                   in industrial volumes.

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                Division 6.2: Infectious substances, viruses,
                                                   bacteria, and human specimens with a biological
                                                   hazard, usually as small quantity shipments.

                                                
                                                

                                             

                                          
                                          
                                       

                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          7

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Radioactive material (sign: all white for level I
                                                and yellow top and white bottom for levels II or
                                                III)

                                          
                                          
                                          
                                          [image: ../images/CLTDgraphic25-18b_Radioactive.png]

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          No
                                             divisions but levels include I for low-level
                                             radiation and II and III for higher levels. Fissile
                                             material (capable of sustaining a nuclear reaction)
                                             is marked as such with the critical amount listed on
                                             label.

                                          
                                          
                                       

                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          8

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Corrosive substances (sign: white top and black
                                                bottom)
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                                          No
                                             divisions. For example, sulfuric acid.

                                          
                                          
                                       

                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          9

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Miscellaneous dangerous goods (sign: black and
                                                white stripes on top; white on bottom)

                                          
                                          
                                          
                                          [image: ../images/CLTDgraphic25-18b_MiscDangerous.png]

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          No
                                             divisions. Catchall for all other hazards. For
                                             example, batteries or pepper spray.

                                          
                                          
                                       

                                    
                                 

                              

                           
                           

                        
                     

                  
                  
                  Exhibit 6-40 shows a pictogram for
                     carcinogens, respiratory sensitizers, reproductive toxicity, target organ toxicity,
                     mutagenicity, or aspiration toxicity. This could be used for a compressed gas or
                     toxic substance.

                  
                  
                  
                  
                     Exhibit 6-40: Health Hazard Pictogram[image: A red diamond-shaped border containing the silhouette of a person with an explosion-like pattern on the chest area.]
                  
                  
                  
                  
                  There is also a pictogram for marine pollutants as shown in Exhibit 6-41 that can be added in addition to
                     any of the applicable mandatory labels above. 

                  
                  
                  
                  
                     Exhibit 6-41: Marine Pollutant Pictograph[image: A red diamond-shaped border containing an image of a dead tree and a dead fish.]
                  
                  
                  
                  
                  Handling label(s) should be used when the hazard class alone cannot provide
                     sufficient information. For example, this includes a “for cargo aircraft only”
                     square label, a label that indicates required package orientation, or a label
                     indicating to keep away from heat.

                  
                  

               
               

            
            
            
            
               
               
               Training Requirements

               
               
               
               
                  
                  
                  International agencies and nations have regulations on dangerous goods training. 

                  
                  
                  
                  Transportation providers and all employees moving or
                     handling these goods must be trained and officially certified in proper handling
                     procedures, and there are strict packaging and labeling requirements that must be
                     followed.

                  
                  
                  
                  The IATA requires employees involved in the transport of dangerous goods to renew
                     their training every two years. While there is no mandate for IMDG Code training,
                     each country usually does mandate training. Fines or jail time for noncompliance are
                     determined by the regulations in place in each country in which the violation
                     occurred, but they can be quite significant. 

                  
                  
                  
                  For example, the U.S. Department of Transportation mandates training every three
                     years. Anyone who has any degree of involvement with dangerous goods regardless
                     of employment type must be trained by first working under the direct supervision
                     of a trained employee and then completing the training within 90 days of
                     hire.

                  
                  
                  
                  Formal training on dangerous goods needs to be complete, comprehensive, and
                     properly incorporated into actual practice by learners. Organizations should
                     consider finding outsourced training if they do not have this in-house
                     capability.

                  
                  
                  
                  Hazardous materials used as inputs to operations or
                     hazardous waste output from operations must be handled and/or disposed of by
                     personnel authorized and trained to do so. Disposal requires use of parties with an
                     environmental permit or an exemption. Precautions must be taken to

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Protect operators from exposure through
                           policies, procedures, and use of PPE that is rated for the type of hazard
                           and worn correctly

                        
                        

                     
                     
                     
                     	
                        
                        
                        Collect the material from the operation
                           in a way that minimizes risk of environmental release

                        
                        

                     
                     
                     
                     	
                        
                        
                        Prevent the material from escaping from
                           storage containers prior to removal

                        
                        

                     
                     
                     
                     	
                        
                        
                        Allow its transfer only to an authorized or
                           licensed party

                        
                        

                     
                     
                     
                     	
                        
                        
                        Include written information with the
                           container that identifies and describes the waste being transferred.

                        
                        

                     
                     

                  
                  
                  
                  Many governments require organizations to have
                     contingency and disaster preparation plans in place to mitigate both the
                     environmental and economic consequences of a disaster. This includes maintaining
                     emergency equipment such as eye wash stations.

                  
                  
                  
                  As options for hazardous materials disposal decline
                     and the disposal of nonsalvageable materials becomes more challenging, companies are
                     being forced to identify ways to avoid or reduce the use of these types of materials
                     in their production processes. Another option is to create a recovery program, such
                     as for refrigerant.

                  
                  

               
               

            
            

         
         
         
         
            
            
            MRO Supplies and Remanufacturing Industry Inventories  

            
            
            
            
               
               
               The ASCM
                     Supply Chain Dictionary defines maintenance,
                     repair, and overhaul (MRO) as: “All activities
                     designed to ensure that an item or piece of equipment can continue to perform its
                     required functions reliably. This often involves either repairing or remanufacturing
                     the item to achieve the desired level of performance. MRO is prominent in the
                     aviation industry, but it can also be applied in a general remanufacturing
                     context.”

               
               
               
               This type of MRO needs to be distinguished from
                  the MRO (maintenance, repair, and operating
                  supplies) for internal use in operations. Remanufacturing may provide maintenance
                  products and services for use in the field and/or repurchase products for
                  remanufacture and resale. Typically the end units are expensive items that have some
                  parts that wear out faster than others, such as an airplane or bulldozer. Both MRO
                  for remanufacturing and internal MRO supplies need to be planned and controlled
                  using evidence-based decisions so that these special inventories do not accumulate
                  in excess, risk obsolescence, and so on.

               
               
               
               An evidence-based approach to stocking related
                  inventories of parts can use metrics such as historical failure rates and repair
                  lead times along with sales data and forecasts. Quality data such as the results of
                  a failure mode and effects analysis can also be used. The process of defining
                  special parts inventory policies (and related manufacturing strategies) can include
                  the steps in Exhibit 6-42.

               
               
               
               
                  Exhibit 6-42: Determining Special Part Inventory Policies
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Activity

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Key Characteristics and
                                       Issues

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Determine failure rates.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Mean time between failures
                                          (MTBF) is defined in the ASCM Supply Chain
                                          Dictionary as: “The predicted elapsed time between inherent failures of a mechanical or electronic
                                          system during normal system operation. MTBF is calculated by dividing the total operational
                                          time by the number of failures that occur during that time. This metric must meet
                                          design, legal, quality, and customer requirements.” MTBF can be used to

                                    
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Determine recommended maintenance
                                             schedules. (For remanufacture products, this can
                                             include related service offerings.)

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Generate repair part forecasts
                                             for items with sufficient demand and long lead
                                             times.

                                          
                                          

                                       
                                       

                                    
                                    
                                    
                                    For individual
                                       replacement parts, for nonrepairable products that need
                                       to be replaced, and as a general measure of reliability,
                                       a different metric is used. Mean time to failure
                                          (MTTF) is defined in the ASCM Supply Chain
                                          Dictionary as the: “Average time for failure of a
                                          nonrepairable product (expected life) or average time to first failure of a
                                          repairable product. See: reliability.”

                                    
                                    
                                    
                                    These data, plus data
                                       from parts sales histories, can be used to develop forecasts
                                       or trends of part and related service demand.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Determine repair lead time
                                       requirements.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Mean time to repair
                                          (MTTR) is defined in the ASCM Supply Chain
                                          Dictionary as: “The average time that it takes to repair a product. MTTR is computed by dividing the
                                          total repair time by the number of repairs conducted during that time.” Internal equipment or remanufacturable goods for
                                       sale with a high MTTR carry higher risks of loss of use.
                                       Risk level influences the amount of “insurance”
                                       investment to maintain in the form of spare parts or
                                       service contracts.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Define inventory and/or manufacturing
                                       policies.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Typical part failure rates and related
                                       demand can be a differentiator for ABC segmentation, and the
                                       results can also be qualified by lead-time requirements or
                                       other measures of relative risk. This would enable carrying
                                       few or no parts and having zero or low safety stock levels
                                       for items that are less in demand and/or that have short
                                       lead times (fewer risks). There can also be a category of
                                       moderate inventory or safety stock levels and a category
                                       with higher inventories or safety stock levels. These items
                                       could have higher turnover or take longer to acquire or
                                       make.

                                    
                                    
                                    
                                    Similarly,
                                       manufactured parts can be based on pull and actual demand
                                       strategies for low-demand, low-risk items and move toward
                                       push and forecasting for high-demand, high-risk
                                       items.

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               

            
            

         
         
   
      
         
         
         
         Section D: Inventory Control

         
         
         
         
            
            
            
               After completing
                  this section, students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Explain the purpose
                     of transaction management in inventory management

                  
                  

               
               
               
               	
                  
                  
                  Manage inventory locations and quantities considering
                     trade-offs of different storage methods, flow,
                     material handling options, and transaction
                     management 

                  
                  

               
               
               
               	
                  
                  
                  Describe approaches
                     to storage layout and materials-handling options,
                     including stock location systems, automated methods,
                     and alternative methods

                  
                  

               
               
               
               	
                  
                  
                  Illustrate the
                     negative results of poor inventory record accuracy
                     or shrinkage

                  
                  

               
               
               
               	
                  
                  
                  Monitor inventory accuracy to support business objectives 

                  
                  

               
               
               
               	
                  
                  
                  Contrast periodic
                     inventory counting and cycle counting

                  
                  

               
               
               
               	
                  
                  
                  Evaluate and reduce inventory inaccuracies and losses 

                  
                  

               
               

            
            
            
            The section addresses how organizations direct the flow of
               inventory into and out of storage and operations to ensure efficiency and control.
               Inventory
               control also requires ensuring that inventory records are accurate and remain accurate
               going
               into the future. 

            
            

         
         
         
         
   
      
         
         
         
         Inventory Storage, Flow, and
            Handling

         
         
         
         
            
            
            Here we focus on the methods and
               technologies used to implement and control inventory plans—to record the
               movement of inventory into and out of the system, to store inventory for
               eventual distribution, and to track it through the supply chain.

            
            

         
         
         
         
         
            
            
            Transaction Management

            
            
            
            
               
               
               Accurate inventory records can help
                  in lowering inventory costs and supporting production goals. While auditing
                  records can detect mistakes that have been made, mistakes can often be
                  prevented by focusing on improving the quality of transaction management.
                  This process begins with mapping the transaction points in the flow of
                  inventory where inventory records must be updated.

               
               
               
               Exhibit 6-43 shows the
                  possible transaction points that can be tracked in the inventory record.

               
               
               
               
                  Exhibit 6-43: Inventory Record Transaction Points[image: List of warehouse and production transactions—receipt, returns, put-away, WIP transactions, transfer of finished goods, picking, shipping, and customer returns—shown with a curved arrow pointing to a computer, indicating system data entry.]
               
               
               
               
               
                  
                  
                  	
                     
                     
                     The
                        material is received. It will be entered into the inventory
                        record. Invoices will be forwarded for payment (unless the
                        materials are on consignment).

                     
                     
                     
                     Alternately, finished goods may be returned from customers.
                        Receipt will be logged. If the goods are or can be returned to
                        saleable condition, they will be added to inventory. Credit will
                        be issued to the customer.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The
                        inventory will be entered into its storage location.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Parts or
                        material may be issued to production and will be removed from
                        inventory.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Work-in-process (WIP) and finished goods will be added to the
                        inventory and their locations recorded. WIP scrap will be
                        noted.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Transfers of WIP and finished
                        goods to other work centers or distribution branches will be
                        documented and amounts adjusted.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Upon
                        receipt of orders, a picking order will be issued.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Shipping
                        documents will be created, including invoices.

                     
                     

                  
                  

               
               
               
               When the process has been analyzed, its
                  design can be improved. A key way to improve any system is to properly train
                  personnel in their responsibilities. Beyond this technical knowledge,
                  however, personnel involved in transactions also need to appreciate the
                  organization’s goals in tracking inventory and the benefits to the entire
                  organization of ensuring that records are accurate and complete. They must
                  be able to connect their individual tasks with a larger strategy.

               
               
               
               Training may be supported with physical
                  or computer controls at each transaction point that enables documenting the
                  transfer of inventory. These internal controls can prevent unauthorized
                  access to and editing of data. Automated controls can identify incorrect
                  data immediately such as by using controls on the range of data that can be
                  entered. The system must also be updated in as close to real time as
                  possible to support customer service and continued production.

               
               
               

            
            
            
            
               
               
               Lean Production
                  and Backflushing

               
               
               
               
                  
                  
                  Inventory tracking is targeted in lean
                     production as a potential area for removing non-value-added
                     activities.

                  
                  
                  
                  In traditional manufacturing,
                     frontflushing or pre-deduct processing is used. In this method,
                     materials are removed from stores at the beginning of a production
                     process and are charged to the job and tracked from that point. Lean
                     uses backflushing. In backflushing or post-deduct processing, items
                     are not removed from inventory records until a finished good (or some
                     defined work-in-process) is completed. This is accomplished by using
                     the item’s bill of materials. When work is completed, the system
                     removes the number of parts that should have been used by the number
                     of units produced. For example, a table requires one table top, four
                     leg assemblies, and 28 hardware packets; 100 tables are produced in a
                     batch. Upon completion of production, 100 table tops, 400 hundred leg
                     assemblies, and 2,800 hardware packets will be removed from
                     inventory.

                  
                  
                  
                  The number of
                     transactions is reduced in backflushing. However, it does require very
                     accurate bills of material. It also can lose track of scrap, which may
                     indicate process or materials problems. For this reason, a separate
                     process needs to be implemented to track scrap
                     material.

                  
                  
                  

               
               

            
            

         
         
         
         
            
            
            Inventory Storage

            
            
            
            
               
               
               The major
                  challenges with inventory storage are capacity utilization, protecting stock
                  from damage or theft, and balancing accessibility with control.

               
               
               
               Capacity utilization of storage spaces is measured by
                  determining how much of the available cubic space is being used for storage.
                  The goal is to increase cube utilization, which can be done through the use
                  of different layouts and storage designs. Utilization will be limited,
                  however, by the physical characteristics of warehouses or storage spaces and
                  the costs of storage systems.

               
               
               
               Protecting stock may require special climate-controlled
                  equipment and risk detection and management systems (e.g., video
                  surveillance, secured access areas, heat detection and fire suppression
                  systems).

               
               
               
               The issue of balancing accessibility and control influences
                  the decision on where to store inventory—in a central location or at the
                  point of use. Centralized storage provides greater control over inventory
                  and has the effect of lowering safety stock, but point-of-use storage (on
                  the production floor, near work centers) improves accessibility,
                  productivity, and customer service. In this type of system, frequently used
                  and lower-valued items may be issued in batches to the production floor and
                  will be managed by the workers themselves. Such items need to be removed
                  from the inventory record when they are issued (frontflushing) rather than
                  when they are used (backflushing).

               
               

            
            
            
            
               
               
               Storage
                  Methods

               
               
               
               
                  
                  
                  Items are stored according to their physical
                     characteristics and climate requirements. The storage spaces or slots may be
                     marked with the item’s SKU (stock keeping unit) number or it is digitally
                     assigned on a dynamic basis.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Racking systems (multi-shelved, free-standing units) are
                           often used to store pallets. They can be arranged to maximize
                           storage cube space and accommodate the use of handling equipment
                           (e.g., lift trucks).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Shelves are used to hold individual items; they may
                           include bins or drawers for smaller items.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Heavy
                           or bulky items or barrels of liquid must be stored on the
                           floor and are ordinarily placed around the perimeter of
                           the storage space.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Specialized storage systems can accommodate items that
                           must be suspended or are irregularly shaped, such as long
                           metal rods.

                        
                        

                     
                     

                  
                  
                  
                  Items with special storage needs may be stored in
                     designated areas that provide, for example, temperature, humidity, or dust
                     control. Flammable or explosive materials may be stored in separate
                     buildings or sections with additional physical segregations (e.g., walls,
                     doors). Inventory with high value that may be liable to theft can be stored
                     in locked cages with video surveillance systems.

                  
                  

               
               

            
            
            
            
               
               
               Storage
                  Layout

               
               
               
               
                  
                  
                  Inventory
                     is often grouped in storage based on certain principles:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Items
                           are functionally related. For example, all maintenance
                           supplies or all glass components are located in a defined
                           area. Employees learn the location through
                           experience.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Fast-moving items are stored together. This makes
                           restocking easier; multiple items can be stocked on a
                           single trip. Locating these areas closer to
                           shipping/receiving or their points of use will improve
                           productivity.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Items
                           with similar storage needs are stored together—for
                           example, large racks for bulky cartons and racks
                           containing multiple bins for smaller objects, floor areas
                           for heavy or bulky objects, high-value item “corrals” with
                           secured access, or climate-controlled areas.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Working stock and reserve stock are separated. When items
                           are frequently withdrawn from working stock, the level of
                           activity is raised in this area. This makes it more
                           difficult to restock these items and potentially more
                           dangerous for workers working in the area. A reserve area
                           makes storage of incoming orders easier. The working stock
                           can be replenished from the reserve stock.

                        
                        

                     
                     

                  
                  
                  
                  Equipment will also affect storage layout. Some
                     types of equipment will allow higher stacking of palleted racks and
                     narrower aisles. Robotic systems can deliver and retrieve inventory
                     using mechanized arms and sensors that read labels.

                  
                  
                  
                  Exhibit 6-44
                     shows a possible warehouse layout. It separates inbound and outbound
                     shipments. Fast-moving items or “A” items are co-located near the
                     center aisle for faster retrieval. Bulky items are stored around the
                     perimeter where there will be more room to maneuver forklifts. Secured
                     storage is available.

                  
                  
                  
                  
                     Exhibit 6-44: Warehouse Storage Layout[image: A graphic showing a warehouse floor plan with designated areas for different types of storage and operations. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  In addition to ABC inventory
                     classification and physical storage characteristics, warehouse layout
                     may consider the way inventory is “picked” or removed from storage for
                     shipping or use in production. When pickers are sent out to retrieve
                     numerous items from multiple locations, they often use a route that
                     minimizes travel. The storage layout can support that by locating
                     high-volume items to minimize travel or locating items often combined
                     in orders near each other so that they can be batched. Exhibit 6-45
                     shows a picking layout designed to reduce picker travel time.

                  
                  
                  
                  
                     Exhibit 6-45: Layouts to Improve Item Picking Efficiency[image: Overhead view of warehouse aisles with shelves shown as squares. Circles mark items to pick. A dotted path with arrows traces a picker’s serpentine travel route through the aisles from entry to exit.]
                  
                  
                  
                  
                  These principles can be
                     applied in the most common storage plans. Storage plans include the
                     following.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        
                           
                              Fixed location.
                              
                           A SKU is
                              assigned to a specific spot and no other item can be
                              stored there. This method is clear, but because
                              slots (assigned locations) can be near empty or
                              empty as inventory is depleted, fixed location is
                              not efficient in terms of its cube utilization—the
                              amount of storage space that is being used. It is
                              also not flexible. Design changes may affect usage
                              rates for certain parts, and rarely used parts can
                              end up with prime locations in terms of
                              accessibility.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              Random or floating location.
                              
                           When an order
                              arrives, it is assigned to the nearest spot with the
                              necessary space and characteristics. SKU location is
                              tracked by an information system. A single item may
                              have multiple locations. This greatly improves cube
                              utilization, but any errors in entering item numbers
                              or location into the system can cause an item to be
                              lost in a large warehouse.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              Zoned storage.
                              
                           This combines
                              aspects of the fixed and random plans. Zones are
                              designated for similar items and the items are
                              stored randomly within that defined area. Cube
                              utilization is still good, but items are easier to
                              find without consulting a computer system. This plan
                              also facilitates the picking process: Pickers are
                              assigned to retrieve items in only the zoned area,
                              thus cutting their travel time.
                           

                        
                        

                     
                     

                  
                  
                  
                  Exhibit 6-46
                     lists some of the advantages and disadvantages of these storage
                     plans.

                  
                  
                  
                  
                     Exhibit 6-46: Advantages and Disadvantages of Warehouse Layout Principles
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                                       Fixed location

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Minimizes record
                                                keeping

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Easier for pickers who can memorize item locations

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Poor cube utilization,
                                          especially when product cycles are short and
                                          products designated for eventual removal must
                                          still be kept in inventory.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Random location

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Improved cube
                                                utilization

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Faster put-away (Inbound items
                                                go into nearest empty slot.)

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Requires computer-based system
                                          that can provide directions for pickers in picking
                                          lists.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Zoned location

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Better cube utilization than
                                                fixed location

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Within a zone, item location
                                          may change, making picking somewhat harder, but
                                          the area of picking is smaller.

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                  
                  
                  

               
               

            
            

         
         
         
         
            
            
            Automated Storage and Retrieval Systems
               (AS/RS)

            
            
            
            
               
               
               Inventory storage, flow, and handling can be
                  automated, so the storage and layout methods used in these systems will be
                  very different. Warehouses designed around automated storage and retrieval
                  systems (AS/RS) can take a lot of different formats. One example is a
                  warehouse featuring single- or double-deep rows separated by very narrow
                  aisles. A computer-controlled crane moves on rails up and down the aisles,
                  putting away and pulling out pallets or storage bins. Pallets and so on are
                  fed into the systems by conveyors. The entire operation is controlled by
                  computer. Since these systems require few workers, they can operate
                  24/7.

               
               
               
               Automated warehouses have high
                  construction and equipment costs but probably lower labor costs. There may
                  be other needs that drive their use. It may be safer to handle certain
                  products with automated equipment or easier to restrict access to stored
                  goods.

               
               
               
               Exhibit 6-47 is a
                  conceptual image of an AS/RS warehouse.

               
               
               
               
                  Exhibit 6-47: AS/RS Warehouse[image: A graphic showing a large automated storage and retrieval system (AS/RS) warehouse. Go to long description for more details.]
               
                  Source:
                     Westfalia Technologies, Inc., www.WestfaliaUSA.com. Used with
                     permission.
                  

               
                  Go to long description.
                  

               
               
               

            
            

         
         
         
         
            
            
            Alternative Approaches to Managing
               Inventory

            
            
            
            
               
               
               In some cases, manufacturers can shift some or all of the
                  tasks associated with managing dependent and independent inventory to
                  suppliers. These tasks can range in the amount of responsibility and control
                  given to suppliers by their customers. These approaches can include the
                  following.

               
               
               
               
                  
                  
                  	
                     
                     
                     Rapid replenishment
                           strategies. Data from the customer (point of sale or
                        orders) are used to align the supplier’s production schedule.
                        The customer still creates orders, but lead time is
                        shortened.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Continuous
                           replenishment strategies. The supplier assumes
                        responsibility for tracking the customer’s inventory levels and
                        replenishing items in a way that meets agreed service levels but
                        without specific customer orders. This saves inventory expenses
                        associated with ordering. In some cases, the supplier can use
                        its deeper knowledge of an item’s demand patterns and the
                        customer’s orders to lower inventory levels without increasing
                        stockout costs.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Vendor-managed inventory (VMI) strategies. The
                        supplier performs some of the tasks associated with the itemized
                        inventory policy. The customer (the manufacturer, distributor,
                        or retailer) shares visibility of its demand with the supplier,
                        in terms of promotions and point-of-sales rates, so that the
                        vendor can plan inventory appropriately. The vendor creates the
                        item inventory policy (e.g., inventory level, lot size, safety
                        stock) within the bounds of an agreement with the customer. The
                        vendor also assumes responsibility for planning replenishment,
                        which requires that the vendor have visibility of the customer’s
                        stock.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Consignment. A vendor holds inventories at the
                        customer’s location and charges for them only at the time of
                        their use or sale.

                     
                     

                  
                  

               
               
               
               A separate issue is the transfer of
                  ownership of inventory. In a consignment inventory arrangement, the supplier
                  manages inventory levels and delivers and stores items at the customer’s
                  location, but ownership is not transferred to the customer until the item is
                  used or sold. This is beneficial to the buyer in several ways. It reduces
                  the costs of purchasing inventory (including opportunity costs), but it also
                  reduces the risks of obsolete inventory. For example, if sales of a certain
                  device drop and the customer decides to drop the device, the items in
                  inventory used solely for that device are the supplier’s financial
                  responsibility, not the manufacturer’s. The consignment approach can be used
                  in conjunction with VMI or other alternative strategies.

               
               

            
            
            
            
               
               
               Alternative Inventory Management Requirements

               
               
               
               
                  
                  
                  These alternative inventory management strategies all rely on
                     developing close and (to a degree) trusting relationships with
                     suppliers. When customers share their demand data, they must be
                     assured that the information will be treated confidentially. If
                     suppliers have access to the customer’s enterprise resources planning
                     (ERP) system, security becomes a more critical concern.

                  
                  
                  
                  The supplier and the customer
                     may also have to align their business processes and clarify policies
                     for communicating—what should be communicated, how quickly, to whom,
                     and in what way. Clear service level agreements may help prevent such
                     risks as the supplier delivering too much inventory or not enough or
                     not in a timely manner. They may, for example, specify conditions for
                     supplier buyback of excess inventory.

                  
                  
                  
                  In addition, these
                     strategies usually involve some level of electronic commerce in order to
                     achieve the necessary visibility of the inventory system, and these systems
                     may be expensive. Electronic commerce (e-commerce) is defined in the ASCM Supply Chain Dictionary as: “The use of computer and telecommunication technologies to conduct business via electronic
                        transfer of data, documents, and funds. See: electronic market.”

                  
                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Inventory
            Accuracy

         
         
         
         
            
            
            Here we start
               by stressing the importance of having accurate inventory records.
               We then cover item records, cutoff, and the periodic inventory and
               cycle counting methods.

            
            

         
         
         
         
         
            
            
            Physical Inventory Versus Item Records

            
            
            
            
               
               
               Here we differentiate
                  physical inventory from its item records. We then discuss the costs
                  and problems that can occur when physical inventory and records
                  differ, the reasons inventory records can become inaccurate (errors
                  or shrinkage), and various way to mitigate errors or shrinkage.

               
               

            
            
            
            
               
               
               Physical Inventory, Item Records, and
                  Accuracy

               
               
               
               
                  
                  
                  Inventory records and physical inventory levels are
                     not always the same. The ASCM Supply Chain
                        Dictionary defines physical inventory as:

                  
                  
                  
                  
                     
                     
                        1) The actual inventory itself. 2) The
                           determination of inventory quantity by actual count. Physical inventories can be
                           taken on a continuous, periodic, or annual basis. Syns.: annual inventory count,
                           annual physical inventory. See: periodic inventory.
                        

                     

                  
                  
                  
                  The item record (or item master record) for an
                     item or stock keeping unit (SKU) contains important information that must be
                     accurate if it is to be useful:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Part number and
                           description

                        
                        

                     
                     
                     
                     	
                        
                        
                        Quantity

                        
                        

                     
                     
                     
                     	
                        
                        
                        Location

                        
                        

                     
                     

                  
                  
                  
                  The ASCM Supply
                        Chain Dictionary defines some item accuracy terms as follows.

                  
                  
                  
                  
                     
                     Record
                           accuracy:
                        A measure of the conformity of recorded
                           values in a bookkeeping system to the actual values. An example of this is the
                           on-hand balance of an item maintained in a computer record relative to the actual
                           on-hand balance of the items in the stockroom.

                     
                     Inventory accuracy:
                        A metric that compares the actual on-hand quantity with the recorded balance in the
                           system. This metric usually is measured as the percent of items with inventory levels
                           that fall within an allowable tolerance. Target values usually are 95 percent to 99
                           percent, depending on the value of the item. For logistics operations, it is sometimes
                           measured as the number of storage locations with errors divided by the total number
                           of storage locations.

                     

                  
                  
                  
                  While the goal is to have completely accurate
                     item records, it is not realistic to assume that records will be completely accurate
                     for each item. Therefore, each item is assigned a tolerance level that indicates the
                     amount by which shelf count of an inventory amount may vary from the inventory
                     record before intervention becomes necessary. Tolerances are assigned on the basis
                     of the critical nature of the item’s demand (e.g., demand from important customers,
                     use in other processes), its monetary value, the difficulty of supply (e.g.,
                     insecure sources of raw materials or components, highly variable lead times), or the
                     difficulty in measuring or counting (e.g., due to a difficult or remote storage
                     location or a high rate of change).

                  
                  
                  
                  For example, if an item has a tolerance of ±5 percent and its
                     inventory record is set at 100, an item will be considered within its tolerance
                     limits if its count is within the range of 95 to 105 items.

                  
                  
                  
                  Inventory can become inaccurate due to errors
                     or shrinkage. Prior to discussing these causes, let’s go over some costs of
                     inaccuracy.

                  
                  

               
               

            
            
            
            
               
               
               Costs of Inaccurate Inventory Records

               
               
               
               
                  
                  
                  Inventory information
                     must be accurate to be useful. Without accurate information about
                     inventory investment and turnover, management cannot properly report
                     on and analyze operations’ performance and improve that performance.
                     Inventory records that fall outside of accuracy tolerance levels
                     will result in incorrect financial valuations for financial statement
                     reporting, which could mislead interested parties and lead to regulatory
                     or other consequences. Accurate inventory records are necessary
                     for accurate priority planning during sales and operations planning,
                     master scheduling, material requirements planning, detailed capacity
                     planning and scheduling, and efficient production execution. Accurate
                     records also support customer service by ensuring that deliveries
                     occur as promised. Poor records increase the chance of a stockout,
                     since inventory that should be present may not be.

                  
                  
                  
                  Exhibit 6-48 lists
                     some of the negative consequences of poor inventory accuracy.

                  
                  
                  
                  
                     Exhibit 6-48: Consequences of Poor Inventory Accuracy[image: A listing of costs of inaccuracy, including lost sales, excess production, low productivity, backorders, excessive expediting, high inventory levels, shortages, missed schedules, late delivery, excess freight costs, and high levels of obsolescence.]
                  
                  
                  
                  

               
               

            
            
            
            
               
               
               Inventory
                  Record Error and Mitigation

               
               
               
               
                  
                  
                  Inaccurate records are usually the result
                     of human error, poorly designed manual or automated processes, or
                     inadequate training and supervision. For example:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Employees may make
                           data entry mistakes in entering item identifiers or amounts. They
                           may put inventory in the wrong locations or pick the wrong inventory.
                           They may fail to notice errors in amounts delivered versus what
                           is shown in the supplier’s documents.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Inventory
                           audit procedures could have process errors or human errors.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Data
                           collection forms and technologies may be poorly designed for their
                           users or used in the wrong contexts.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Automated
                           systems may allow incorrect or duplicate supplier or employee entries or
                           allow items to be removed from inventory without documenting withdrawal.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Bills
                           of material (BOMs) could contain errors, such as requirements for
                           quantities or parts that are not actually needed. Even a subassembly
                           could be repeated by accident. While BOM errors are concerning in
                           any environment, some systems automate inventory deductions via
                           the schedule using backflushing, and in this case BOM errors could
                           be extended to the automated inventory accounting records. Operators
                           should be trained to call out errors rather than taking workarounds.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Employees
                           may not be properly trained in how to withdraw items or document withdrawal
                           and receipts. Training must communicate why accuracy is necessary and
                           connect this need to the required tasks. Employee performance must
                           be observed and corrected by supervisors.

                        
                        

                     
                     

                  
                  
                  
                  These issues can be
                     made worse by inadequate (or nonexistent) inventory auditing. Inventory
                     audits provide a way to verify amounts, storage conditions, and
                     employee compliance with processes.

                  
                  

               
               

            
            
            
            
               
               
               Inventory Shrinkage and Mitigation

               
               
               
               
                  
                  
                  The ASCM Supply
                        Chain Dictionary defines shrinkage and a related term,
                     obsolescence, as:

                  
                  
                  
                  
                     
                     Inventory shrinkage:
                        Reductions of actual quantities of
                           items in stock, in process, or in transit. The loss may be caused by scrap, theft,
                           deterioration, evaporation, and so forth. Syn.: shrinkage.

                     
                     Obsolescence:
                        1) The condition of being out of date. 2) A loss of value occasioned by new developments
                           that place the older property at a competitive disadvantage. 3) A factor in depreciation.
                           4) A decrease in the value of an asset brought about by the development of new and
                           more economical methods, processes, or machinery. 5) The loss of usefulness or worth
                           of a product or facility as a result of the appearance of better or more economical
                           products, methods, or facilities. See: deterioration.

                     

                  
                  
                  
                  Note how shrinkage can be used as an umbrella
                     term that covers many sources of inventory loss, for example, scrap
                     and shelf life. Let’s look at several subtypes of shrinkage in more
                     detail.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Scrap
                           is either an accepted part of an operation that can be accounted
                           for with a scrap factor (the complement of this is the yield factor)
                           or it is unplanned scrap caused by errors in processing. While scrap
                           that is planned for due to process variability is not normally considered
                           to be a type of inventory shrinkage, unexpected processing errors
                           or scrap factors that are significantly different from the standard
                           scrap factor can cause inventory shrinkage if the unexpected amount is
                           not documented.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Storage
                           and processing areas may be vulnerable to theft or damage of items
                           by insiders or outsiders. Areas may be unsecured or unmonitored.
                           Exceptions to controls could be allowed. Employees might be able
                           to conceal a theft electronically such as by marking the inventory
                           as a promotional item.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Deterioration can occur in many ways. Goods may be
                           vulnerable to damage from handling equipment, water leaks, heat,
                           cold, or humidity. Perishable goods can be kept beyond their
                           shelf lives. Cross-contamination can occur.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Evaporation
                           could be accounted for in a scrap factor once it is known to be occurring.

                        
                        

                     
                     

                  
                  
                  
                  Each of these sources
                     of loss may affect different supply chains with varying severity. For
                     example, an organization that produces dairy products is likely
                     to deal with more significant losses to shelf life than an automobile
                     manufacturer does. Conversely, obsolescence would be more likely
                     to be a significant loss source for an automobile manufacturer if
                     it relies on specialized equipment that cannot handle significant design
                     changes from model year to model year.

                  
                  
                  
                  It is important to set policies that can
                     mitigate inventory shrinkage.

                  
                  
                  
                  Inventory loss due to shelf life issues,
                     obsolescence, or unintentional damage may be addressed through a
                     variety of methods, including

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Setting
                           proper manufacturing strategies and inventory levels and working
                           to improve inventory turns to prevent obsolescence

                        
                        

                     
                     
                     
                     	
                        
                        
                        Choosing
                           more protective product packaging and smoother transportation modes where
                           possible to prevent unintentional damage

                        
                        

                     
                     
                     
                     	
                        
                        
                        Selecting
                           more rapid modes of transportation and taking advantage of things
                           such as cold chain shipping to prevent loss due to shelf life issues.

                        
                        

                     
                     

                  
                  
                  
                  Ensuring that inventory
                     levels are accurate through regular audit procedures and at key
                     points in the supply chain can help identify discrepancies caused
                     by theft and other sources of loss or damage before they can get
                     out of control. Some emerging technologies such as blockchain can
                     help isolate sources of loss to particular interactions between
                     a supply chain participant and the product.

                  
                  
                  
                  Loss
                     of goods due to theft or intentional damage can be mitigated by
                     insurance, but insurance cannot immediately replace inventory, nor
                     will it fully reimburse a loss if there is a deductible. Proper
                     security and handling procedures can reduce the occurrence of internal
                     and external threats to inventory loss. Many of these procedures
                     involve setting and enforcing proper operational and financial controls. One
                     example of a key control is segregation of duties. For example,
                     a warehouse employee should not be able to approve a material move
                     and also carry out the move. Matching of invoice to purchase order
                     and receiving documents is another control.

                  
                  
                  
                  Incomplete enforcement or special exceptions for controls
                     can cause problems. For example, one organization had a rule that prohibited
                     unauthorized vehicles from parking in the warehouse yard. An exception was
                     made for one employee, and one night after work, he discovered a package
                     taped to the underside of his bumper. He informed security and they left the
                     package in place, eventually discovering a ring of warehouse employees
                     engaging in theft. While the employee with the vehicle was trustworthy, the
                     exception to the control had been costly to the organization.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Inventory Audits
               and Cutoff

            
            
            
            
               
               
               An inventory
                  audit is a physical count of inventory in a given location to verify
                  the existence and ownership of inventory for financial accounting/reporting
                  compliance and continuous improvement of customer service and operations.

               
               
               
               Two primary methods exist for auditing inventory records:
                  the periodic inventory audit method and cycle counting. Spot inventory checks are
                  a
                  third type. Prior to discussing these methods, we introduce the concept of cutoff
                  control.

               
               

            
            
            
            
               
               
               Cutoff Control

               
               
               
               
                  
                  
                  The ASCM Supply Chain
                        Dictionary defines cut-off control
                     as: “A procedure for synchronizing cycle
                        counting and transaction processing.” Cut-off control (or just cut off), as it relates to inventory audit, is
                     the process of restricting or controlling the movement of inventory between
                     locations before and during an inventory audit. Moving inventory between
                     shipping, receiving, manufacturing, storage, or other areas during a count
                     can create counting errors. Selling an item that is currently being counted
                     could also result in an error. Items could be double-counted, counted in
                     neither area, or counted when they should not have been included in a count.
                     Inventory management software may enable placing a hold on inventory so area
                     transactions cannot be initiated until the hold is removed. Physical
                     barriers or signs could also be used. While cut-off control was defined with
                     the cycle counting method in mind, the periodic inventory method also uses a
                     form of cut off. In its pure form, it involves the cut off of any inventory
                     movements during the audit, but some modified forms also exist, as discussed
                     below.

                  
                  

               
               

            
            
            
            
               
               
               Periodic Inventory

               
               
               
               
                  
                  
                  The ASCM Supply Chain
                        Dictionary defines periodic inventory as: “A physical inventory taken at some
                        recurring interval (e.g., monthly, quarterly, or annual physical inventory). See:
                        physical inventory.”

                  
                  
                  
                  Periodic inventory is a count of all inventory
                     in a facility. This physical count is often performed as a year-end
                     annual process. All items are counted in a short period, often requiring
                     shutdown of operations and the use of many personnel with diverse experience—inventory
                     planners, trained production employees, and accountants. It could
                     also involve enlisting many other employees who do not normally
                     engage in any warehouse duties.

                  
                  
                  
                  The
                     primary purpose of a periodic inventory audit is to provide the
                     value of assets for financial accounting, and external auditors
                     may direct the process. Thus the objective is to determine the total
                     asset value in dollars as accurately as possible. This primarily benefits
                     the owners or shareholders, but a side purpose can be to correct
                     inventory records. However, as the audit is usually done only once
                     a year, any improvement in inventory accuracy will tend to be short-lived.
                     Also, finding the root causes of the inventory inaccuracies is not
                     the focus. The focus is usually getting the job done as accurately
                     and as quickly as possible to enable production to resume.

                  
                  
                  
                  Periodic inventory
                     requires good preparation, such as by gathering identical parts
                     in the same place and, if possible, grouping them into easily counted
                     bundles or sealed cartons. Preparation may also entail staff with
                     experience in inventory control clearly tagging all parts with their
                     part numbers prior to the count. During the count, a participant
                     counts the items and records the count on the tag, and a different participant
                     counts the items again and records this count on the tag to verify
                     the count. In some cases, sampling is used because there are too
                     many items to count. The tags are then collected and the count totals
                     are compared with the inventory record.

                  
                  
                  
                  When the counts agree, and when they agree with the
                     inventory records, this inventory is not counted again. Wherever discrepancies exist
                     between the two counts or there are differences from the inventory record, the
                     inventories get closer scrutiny. The inventory records are then adjusted to show the
                     actual levels. The ASCM Supply Chain Dictionary
                     defines inventory adjustment as:

                  
                  
                  
                  
                     
                     
                        A change made to an inventory record
                           to correct the balance in order to bring it in line with actual physical inventory
                           balances. The adjustment either increases or decreases the item record on-hand
                           balance.
                        

                     

                  
                  
                  
                  Periodic inventory
                     is problematic because the persons doing it may not be well trained
                     and thus could be prone to making errors, meaning that the inventory
                     may not be completely accurate even after the count. Participants
                     need to be given training to reduce chances for errors, and this
                     should be repeated before each inventory audit, since it will typically
                     have been at least a year since the last time they helped. Periodic inventory
                     also typically requires an expensive halt in production as well
                     as labor costs and the costs of administrative accounting.

                  
                  
                  
                  A best practice is
                     to cut off all movements of inventory during the count. While allowing
                     inventory movements during a count is a significant risk, some organizations still
                     do it, such as organizations that operate 24/7. The basic tradeoff
                     is the cost of inventory inaccuracy/inventory reconciliation versus
                     the cost of lost operations or sales. Such organizations usually
                     rely on automated transaction histories to reconcile the movement
                     of items. For example, Home Depot uses periodic inventory for its stores,
                     and the preparation lasts several days. The count occurs on a single
                     day, and some of this counting occurs when the stores are open.
                     Customer purchases are automatically deducted from counts.

                  
                  

               
               

            
            
            
            
               
               
               Cycle Counting

               
               
               
               
                  
                  
                  The ASCM Supply
                        Chain Dictionary defines cycle counting as:

                  
                  
                  
                  
                     
                     
                        An inventory accuracy audit technique in which inventory is counted on a cyclic schedule
                           rather than once a year. A cycle count is usually taken on a regular, defined basis
                           (often more frequently for high-value or fast-moving items and less frequently for
                           low-value or slow-moving items) to identify errors in inventory records quickly and
                           to trigger corrective action. Most effective cycle counting systems require the counting
                           of a certain number of items every workday, with each item counted at a prescribed
                           frequency. See: count frequency, inventory cycle counting.
                        

                     

                  
                  
                  
                  In cycle counting,
                     inventory is counted continuously, throughout the year, with each item
                     counted on a predetermined schedule. Cycle counting counts only
                     a subset of the inventory in a facility at a given time, and a best
                     practice is to cut off all movements of inventory to or from the
                     area being counted.

                  
                  
                  
                  Cycle
                     counting is performed by dedicated, trained staff whose job is to
                     count small amounts of inventory each workday. Which items to count
                     when is directed by policy, item importance, and timing issues such
                     as least disruption to production or counting when counting is fastest
                     and most efficient. Cycle counters are trained not only to avoid
                     counting errors but also to look for root causes of errors and suggest
                     process improvements or technology improvements.

                  
                  
                  
                  Cycle counting has
                     a different focus than periodic inventory. Periodic counting works to
                     determine total asset value in dollars. Overvaluation in one place
                     might cancel out undervaluation in another, and thus the valuation
                     would be accurate in the aggregate. However, item-level inaccuracies
                     would create problems in material requirements planning and manufacturing
                     execution. The objective of cycle counting, then, is to ensure ongoing
                     inventory accuracy at the item level, both by counting more often
                     and by reducing the frequency of errors occurring in the first place.

                  
                  
                  
                  The advantages of this approach are evident.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        It is less disruptive
                           and does not require shutting down production completely, or sometimes
                           not at all. This can be done by having cycle counting staff coordinate with
                           production planners to determine what types of inventory will not
                           be accessed on particular days.

                        
                        

                     
                     
                     
                     	
                        
                        
                        It
                           can reduce losses by identifying potentially costly inaccuracies
                           at an early stage and correcting the error and its root cause quickly.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Since
                           the amount of work done at one time is less, chances of human error
                           are decreased. Also, use of dedicated staff with formal processes
                           tends to produce a high degree of inventory accuracy.

                        
                        

                     
                     
                     
                     	
                        
                        
                        It
                           requires fewer trained employees, since the same trained group can
                           be assigned the cycle counting tasks. These employees become more
                           experienced in analyzing accuracy problems, detecting causes, and
                           developing solutions.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Often
                           cycle counting provides external or internal auditors with enough confidence
                           that inventory levels are accurate, meaning that they may omit the periodic
                           audit entirely.

                        
                        

                     
                     
                     
                     	
                        
                        
                        With
                           iterations of the counting process, the organization continually
                           improves its methods and performance.

                        
                        

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Cycle Counting Methods

                  
                  
                  
                  
                     
                     
                     There are different approaches to cycle
                        counting, and an organization may use all of them in its counting program.

                     
                     
                     
                     ABC inventory classification is often used to
                        determine how often to count each type of inventory. A items will be counted the
                        most times each year, B items will be counted less frequently, and C items the least
                        frequently. Items with high street value or that otherwise are prone to shrinkage
                        might be raised to the higher categories even if they do not otherwise qualify for
                        those levels. Note how the definition mentions that fast- or slow-moving items may
                        be criteria for what to count rather than just ranking by value. Counting
                        fast-moving items more often will help keep inventory levels more accurate.

                     
                     
                     
                     Exhibit 6-49 shows how a cycle count schedule might be scheduled based on ABC
                        classifications.

                     
                     
                     
                     
                        Exhibit 6-49: Cycle Counting[image: A table titled “Cycle Counting.” Go to long description for more details.]
                     
                        Go to long description.
                        

                     
                     
                     
                     
                     In the exhibit, the number of items (unique
                        part numbers) to count times the annual frequency is the number of counts per year.
                        The number of counts per year divided by the sum of all counts (in this case,
                        22,600) provides the percentage of total counts. The number of counts per year
                        divided by the number of manufacturing calendar days in the year provides the daily
                        amount of each class to count.

                     
                     
                     
                     Another technique is to conduct counts in
                        zones. This may be used in warehouses where items have fixed locations or to count
                        work-in-process or in-transit inventory. It is applicable for stock with high
                        inventory turns.

                     
                     
                     
                     In situations where inventory location is not
                        fixed—where, for example, inventory is simply stored in whatever locations are
                        open—location audits may be conducted. In these audits, a specific number of
                        locations are checked each day, and the count for the items in those locations is
                        checked against inventory records.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Cycle Counting Triggers

                  
                  
                  
                  
                     
                     
                     A cycle count may be scheduled at regular
                        intervals (as with the ABC method described above), but it may also be triggered by
                        certain transactions or inventory levels to reduce the cost of counting. Counting
                        may be triggered in these situations:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           After order placement, when levels are
                              lower and easier to count. This also has the effect of counting items with
                              higher turns more often. Introduction to
                                 Materials Management notes that inventory record errors are more
                              likely to occur during transactions, so items with a higher number of
                              transactions are likely to have more errors and should be checked more
                              often.

                           
                           

                        
                        
                        
                        	
                           
                           
                           After order receipt, when employees are
                              already at the location to put the order away.

                           
                           

                        
                        
                        
                        	
                           
                           
                           When the inventory record indicates
                              zero stock. Again, this makes counting easier.

                           
                           

                        
                        
                        
                        	
                           
                           
                           After a defined number of transactions.
                              This also has the effect of auditing fast-moving items more often.

                           
                           

                        
                        
                        
                        	
                           
                           
                           When an error is discovered, such as a
                              negative balance or the occurrence of a stockout when stock is indicated in
                              the record as available.

                           
                           

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Spot Inventory Checks

               
               
               
               
                  
                  
                  Spot inventory checks involve using statistical random sampling techniques to
                     identify inventory to count. This method can be used with periodic inventory
                     counting to find inventory errors earlier than a periodic inventory count otherwise
                     would. Software that enables this method often features AI-driven spot checking.
                     Such systems may use data such as RFID or barcode sensor data to highlight inventory
                     discrepancies to investigate immediately, allowing fast corrections to reduce the
                     chances that a discrepancy will result in a stockout or overstock. The idea is to
                     minimize inventory auditing time (and money) while also increasing inventory
                     accuracy. This method is often used in warehouses that have high-volume, fast-moving
                     inventory and need to maintain their supply chain integrity despite operating in
                     this challenging auditing environment.

                  
                  

               
               

            
            

         
         
   
      
         
         
         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 6-49: Cycle Counting
[image: A table titled “Cycle Counting.” Go to long description for more details.]
                  
                  
                  The table categorizes items based on ABC classification
                     and provides details for each class. It shows the number of items to count,
                     their annual frequency, and the total number of counts per year. For class
                     A, there are 800 items counted 12 times a year, resulting in 9,600 counts,
                     which is 42.5% of the total. Class B has 2,000 items counted 4 times a year,
                     totaling 8,000 counts or 35.4% of the total. Class C has 5,000 items counted
                     once a year, totaling 5,000 counts or 22.1% of the total. The overall total
                     is 22,600 counts per year, averaging 90 counts per day over 251
                     manufacturing calendar days.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-47: AS/RS Warehouse
[image: A graphic showing a large automated storage and retrieval system (AS/RS) warehouse. Go to long description for more details.]
                  
                  
                  The warehouse is divided into several sections,
                     each filled with numerous shelves stacked high with boxes. The
                     front of the warehouse has receiving docks where trucks are
                     being loaded and unloaded. Inside, there are automated machines
                     and robots moving boxes to and from the shelves, demonstrating
                     the efficient and organized nature of the AS/RS system. The
                     warehouse is designed for high-density storage, utilizing
                     vertical space to maximize capacity.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-44: Warehouse Storage Layout
[image: A graphic showing a warehouse floor plan with designated areas for different types of storage and operations. Go to long description for more details.]
                  
                  
                  The top and bottom of the layout have receiving
                     and shipping docks, respectively. The left and right sides have
                     areas labeled “Bulky SKUs” for storing large items. In the
                     center, there is a section outlined with a dotted line labeled
                     “High-velocity SKUs” for storing items that move quickly.
                     Additionally, there is a section labeled “Secured storage” on
                     the bottom left corner for storing high-value or sensitive
                     items.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-8: Balance Sheet for Two Years
[image: A Balance Sheet for Year 1 and Year 2, broken down into Assets, Liabilities, and Owners’ Equity sections. Includes speech bubbles with key financial insights. Go to long description for more details.]
                  
                  
                  Key Concepts:

                  
                  
                  
                  
                     
                     	
                        
                        Balance Sheets: Statement of financial value at a point in time (end of
                           year).

                        

                     
                     
                     	
                        
                        Assets: What the organization owns.

                        
                        
                        
                           
                           	
                              
                              Current Assets: Assets expected to be converted to cash within one
                                 year.

                              
                              
                              
                                 
                                 	
                                    
                                    Cash and Cash Equivalents

                                    

                                 
                                 
                                 	
                                    
                                    Inventory

                                    

                                 
                                 
                                 	
                                    
                                    Accounts Receivable

                                    

                                 

                              

                           

                        

                     
                     
                     	
                        
                        Total Current Assets

                        

                     
                     
                     	
                        
                        Fixed Assets: Long-term assets not easily converted to cash.

                        
                        
                        
                           
                           	
                              
                              Gross Property, Plant and Equipment

                              

                           
                           
                           	
                              
                              Less: Accumulated Depreciation

                              

                           
                           
                           	
                              
                              New Property, Plant, and Equipment

                              

                           

                        

                     
                     
                     	
                        
                        Total Assets

                        

                     
                     
                     	
                        
                        Liabilities: Amounts owed to others.

                        
                        
                        
                           
                           	
                              
                              Current Liabilities: Amounts owed this year.

                              
                              
                              
                                 
                                 	
                                    
                                    Accounts Payable

                                    

                                 
                                 
                                 	
                                    
                                    Short-Term Notes Payable

                                    

                                 

                              

                           
                           
                           	
                              
                              Total Current Liabilities: Amounts owed beyond one year.

                              

                           
                           
                           	
                              
                              Long Term Liabilities

                              
                              
                              
                                 
                                 	
                                    
                                    Long-Term Debt

                                    

                                 

                              

                           

                        

                     
                     
                     	
                        
                        Total Liabilities

                        

                     
                     
                     	
                        
                        Owners’ Equity: Funds from owners and operations (what is left after
                           liabilities are deducted).

                        
                        
                        
                           
                           	
                              
                              Common Stock (Par Value) and Additional Paid-In Capital: What
                                 owners have contributed.

                              

                           
                           
                           	
                              
                              Retained Earnings: Reinvested funds from operations.

                              

                           

                        

                     
                     
                     	
                        
                        Total Owners’ Equity

                        

                     
                     
                     	
                        
                        Total Liabilities and Owner’s Equity

                        

                     
                     
                     	
                        
                        Equation: Assets = Liabilities + Owners’ Equity.

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-12: Relationship between Cost Terminology
[image: This image is a pyramid diagram representing the relationship between different cost terminologies. Read long description below.]
                  
                  
                  At the base of the pyramid is the “Total Cost of
                     Ownership,” which encompasses all costs associated with owning a product or
                     service. Above that, a section labeled “Landed Cost” is highlighted, which
                     includes the purchase price or production cost and other expenses related to
                     getting the product to its destination. The top of the pyramid focuses on
                     the “Purchase Price/Production Cost,” indicating the direct cost paid for
                     acquiring or producing the item. The diagram visually emphasizes that the
                     total cost of ownership is broader and includes more factors than just the
                     purchase price or production cost.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-9: Income Statements (Profit and Loss Statements) for Two Years
[image: An income statement for Year 1 and Year 2, broken down into Revenue, Gross Profit, and Net Income sections. Includes speech bubbles with key financial insights. Go to long description for more details.]
                  
                  
                  Key Concepts:

                  
                  
                  
                  
                     
                     	
                        
                        Income Statements For the Years Ending: Profit or loss over a period of
                           time.

                        

                     
                     
                     	
                        
                        Revenue (Sales):

                        
                        
                        
                           
                           	
                              
                              Direct Labor, Direct Materials, and Factory Overhead: Expenses from
                                 providing goods/services that generate revenue.

                              

                           
                           
                           	
                              
                              Less: COGS: Cost of Goods Sold, calculated as Direct Labor + Direct
                                 Materials + Factory Overhead.

                              

                           

                        

                     
                     
                     	
                        
                        Gross Profit: Revenue - COGS.

                        
                        
                        
                           
                           	
                              
                              Less: Operating Expenses: General expenses from running the business that
                                 cannot be directly linked to specific units of goods/services sold, including
                                 Selling Expenses, General and Administrative, and Lease Expense.

                              

                           
                           
                           	
                              
                              Less: Depreciation: Lowers fixed asset value for taxes.

                              

                           
                           
                           	
                              
                              Less: Interest Expense: Payments on debt.

                              

                           

                        

                     
                     
                     	
                        
                        Net Income (Profit) Before Taxes: Shows effect of taxes on profits,
                           calculated as Gross Profit - Total Operating Expenses - Depreciation - Interest
                           Expense.

                        

                     
                     
                     	
                        
                        Net Income (Profit): Net Income Before Taxes - Income Taxes, representing the
                           “bottom line” profit of the company.

                        

                     
                     
                     	
                        
                        Net Income Per Share-Basic: Net Income divided by the number of outstanding
                           shares.

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-10: Statement of Cash Flows
[image: A Cash Flow Statement detailing cash flow changes for Year 1 and Year 2, broken down into Operating, Investing, and Financing sections. Includes speech bubbles with key financial insights. Go to long description for more details.]
                  
                  
                  Key Concepts:

                  
                  
                  
                  Cash Flow Statement: A report that shows the change in a company’s
                     cash balance over a period of time.

                  
                  
                  
                  Operating Section: A viable firm needs positive cash flow from
                     operations in most years.

                  
                  
                  
                  
                     
                     	
                        
                        After-Tax Net Income

                        

                     
                     
                     	
                        
                        Depreciation Add-Back: Depreciation is deducted on the income
                           statement but doesn’t reduce cash (added back).

                        

                     
                     
                     	
                        
                        (Increase)/Decrease in Inventory: Increase in inventory or
                           accounts receivable reduces cash.

                        

                     
                     
                     	
                        
                        (Increase)/Decrease in Accounts Receivable: Increase in inventory
                           or accounts receivable reduces cash.

                        

                     
                     
                     	
                        
                        Increase/(Decrease) in Accounts Payable: Increase in accounts
                           payable increases cash.

                        

                     
                     
                     	
                        
                        Cash Flow from Operations: Total cash generated from operating
                           activities.

                        

                     

                  
                  
                  
                  Investing Section:

                  
                  
                  
                  
                     
                     	
                        
                        Capex Spend (Capital Expenditures): Increase in business
                           investments decreases cash.

                        

                     
                     
                     	
                        
                        Cash Flow from Operations and Investment: Combined cash flow from
                           operations and investing activities.

                        

                     

                  
                  
                  
                  Financing Section:
                     

                  
                  
                  
                  
                     
                     	
                        
                        Additional Equity Capital: Increase in new debt or equity
                           provides cash.

                        

                     
                     
                     	
                        
                        Less Dividends Paid

                        

                     
                     
                     	
                        
                        Increase/(Decrease) in Long-Term Debt

                        

                     
                     
                     	
                        
                        Increase/(Decrease) in Short-Term Notes

                        

                     
                     
                     	
                        
                        Cash Flow from Operations, Investments, and Financing: Combined
                           cash flow from all sections.

                        

                     

                  
                  
                  
                  Cash Balances:

                  
                  
                  
                  
                     
                     	
                        
                        Beginning Cash Balance
                           

                        

                     
                     
                     	
                        
                        Ending Cash Balance: Net Income +/– Change in Operating +/–
                           Change in Investing +/– Change in Financing + Beginning Cash = Ending
                           Cash.

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-25: Economic Order Quantity at Lowest Total Cost
[image: The graph illustrates the relationship between ordering cost, carrying cost, and total cost as a function of order quantity. Go to long description for more details.]
                  
                  
                  The vertical axis represents the cost in dollars, while the
                     horizontal axis represents the order quantity. The ordering cost (AS/Q) decreases
                     as
                     order quantity increases, depicted by a downward-sloping brown line. The carrying
                     cost
                     (Qci/2) increases with order quantity, shown by an upward-sloping orange line. The
                     total
                     cost is the sum of ordering and carrying costs and is represented by a gray line,
                     which
                     forms a U-shape. The point where the ordering cost and carrying cost intersect indicates
                     the optimal order quantity (shown here as 400 units with a cost of $400), where total
                     cost is minimized.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-27: Calculating EOQ Using Trial and Error
[image: A table titled “Calculating EOQ Using Trial and Error.” Go to long description for more details.]
                  
                  
                  The table shows a cost analysis for various order quantities for
                     an item with an annual demand of 8,000 units, an order cost of $20, and a carrying
                     cost rate of 0.2. For each order quantity (ranging from 300 to 700 units), the table
                     calculates the ordering cost (AS/Q), the carrying cost (Qci/2), and the total cost.
                     The total cost is the sum of the ordering cost and the carrying cost. As the order
                     quantity increases, the ordering cost decreases while the carrying cost increases,
                     resulting in varying total costs for each order quantity.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-28: Economic Order Quantity at Lowest Total Cost
[image: The graph illustrates the relationship between ordering cost, carrying cost, and total cost as a function of order quantity. Go to long description for more details.]
                  
                  
                  The vertical axis represents the cost in dollars, while the
                     horizontal axis represents the order quantity. The ordering cost (AS/Q) decreases
                     as
                     order quantity increases, depicted by a downward-sloping brown line. The carrying
                     cost
                     (Qci/2) increases with order quantity, shown by an upward-sloping orange line. The
                     total
                     cost is the sum of ordering and carrying costs and is represented by a gray line,
                     which
                     forms a U-shape. The point where the ordering cost and carrying cost intersect indicates
                     the optimal order quantity (shown here as 400 units with a cost of $400), where total
                     cost is minimized.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-29: Order Point System with Fixed Order Quantity (s, Q)
[image: Inventory replenishment chart showing a fixed order quantity, variable order intervals, and an order point. Inventory declines to the order point, then a replenishment arrives after lead time. Go to long description for details.]
                  
                  
                  The diagram shows inventory levels over time under a
                     fixed-order-quantity (EOQ) system. Inventory decreases at a steady rate until it reaches
                     the order point, marked by a dotted horizontal line and a white circle. When the order
                     point is reached, a replenishment is placed, and after the lead time passes, inventory
                     jumps sharply upward by the fixed order quantity. Because demand varies, the time
                     between orders is not constant, so the distance between replenishment points changes
                     from cycle to cycle. A safety stock level is depicted as a solid horizontal line near
                     the bottom to indicate buffer inventory.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-18: Order Point s with Fixed Order Quantity Q (s, Q)
[image: The image illustrates an inventory management concept where “s” (Order Point) equals “DDLT” (Demand During Lead Time). Read long description below.]
                  
                  
                  The vertical axis represents units in inventory, and the horizontal
                     axis represents time. The chart shows the inventory levels decreasing over time until
                     they reach the order point (OP), at which point a replenishment order is triggered.
                     Key
                     points labeled “A” indicate the moments when inventory reaches the order point, “B”
                     denotes the lead time during which the order is processed, and “C” indicates the period
                     when inventory levels are at their lowest before the new stock arrives. This cycle
                     repeats, maintaining a balance between demand and supply.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-19: The Effect of Uncertainty
[image: The image illustrates the effect of uncertainty on an inventory management model, where the vertical axis represents units in inventory and the horizontal axis represents time. Read long description below.]
                  
                  
                  Solid lines indicate the inventory level decreasing over time until
                     it reaches the order point (s), represented by the horizontal dashed line. At point
                     “A”,
                     inventory hits the OP as expected, triggering a replenishment order. During cycle
                     B,
                     inventory continues to decrease, causing a stockout to occur before the next
                     replenishment. In cycle C, demand is less than the average demand, which results in
                     inventory that exceeds upper constraint.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-20: Order Point under Conditions of Uncertainty
[image: Inventory-over-time chart showing irregular demand. Replenishment occurs when inventory reaches the order point, set equal to demand during lead time plus safety stock. Safety stock prevents a stockout. Read long description below.]
                  
                  
                  The diagram shows a jagged, downward-sloping inventory line that
                     periodically rises sharply when replenishment arrives. A dashed horizontal line marks
                     the order point (OP), which equals demand during lead time plus safety stock. A lower
                     solid horizontal line marks the safety stock level. At one point, the dipping inventory
                     touches the safety-stock area, indicating the risk of a stockout under variable demand.
                     The graphic illustrates that replenishment should be triggered before reaching safety
                     stock to account for uncertainty in both demand and lead time.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-22: Periodic Review with Variable Order Quantity System (R, S)
[image: Inventory diagram showing fixed review intervals where orders are placed periodically. Order quantities (Q1, Q2, Q3) vary to restore stock to a target level, with safety stock shown below. Read long description below.]
                  
                  
                  The diagram illustrates how a fixed-interval order system works over
                     time. Inventory begins at a high level and gradually decreases until a scheduled review
                     point. At each review point, the current inventory is checked, and an order is placed
                     to
                     raise inventory back to a predetermined maximum, or target, level. Because demand
                     varies, each replenishment quantity differs (labeled Q1, Q2, and Q3). After the order
                     is
                     placed, inventory continues to decline during the lead time until the replenishment
                     arrives and sharply restores inventory. A horizontal line marks the safety stock level,
                     which the inventory occasionally approaches but does not cross. Order timing remains
                     fixed, but order size varies depending on the inventory position at each review.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-3: Example of Production Process and Decoupled Inventory in a Make-to-Stock
                  Environment
[image: The diagram illustrates the flow of materials from the supplier to the customer through a manufacturer. Go to long description for more details.]
                  
                  
                  It shows raw material moving from the supplier to the
                     manufacturer. The inventory stored as raw material input is decoupling
                     inventory. When the raw material is used by the manufacturer, it becomes
                     work-in-progress (WIP) between stages P1 and P2 and between P2 and P3. The
                     WIP may or may not be managed as decoupled inventory within the
                     manufacturing process. The finished goods stored in anticipation of customer
                     demand is also decoupling inventory.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-23: Perpetual Inventory Record Triggering Reorder Point
[image: A table titled “Perpetual Inventory Record Triggering Reorder Point.” Go to long description for more details.]
                  
                  
                  The table provides an inventory management summary for Part 682, a
                     hydraulic door closer in silver, with a lead time of 1 week and an order point of
                     210
                     units. The initial on-hand inventory is 350 units. Over six weeks, the inventory
                     status is tracked in terms of ordered, issued, received, on-hand, allocated, and
                     available quantities. Week 0: On hand: 350 units, Allocated: 0 units, Available: 350
                     units. Week 1: On hand: 350 units, Allocated: 70 units, Available: 280 units. Week
                     2:
                     On hand: 350 units, Allocated: 80 units, Available: 200 units. Week 3: Ordered: 400
                     units, Issued: 70 units, On hand: 280 units, Allocated: 90 units, Available: 110
                     units. Week 4: Issued: 80 units, Received: 400 units, On hand: 600 units, Allocated:
                     85 units, Available: 425 units. Week 5: Issued: 90 units, On hand: 510 units,
                     Allocated: 75 units, Available: 350 units.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-24: Lean Reduces Order Quantity but Creates More Exposures to Stockouts
[image: Inventory plot comparing two systems: a large order quantity that cycles between 0 and 400 units and a smaller, more frequent order quantity cycling between 0 and about 179 units. Read long description below.]
                  
                  
                  The chart shows units in stock over time for two ordering
                     approaches. One line represents a large fixed‐quantity replenishment (Q = 400), causing
                     inventory to rise sharply and then decline linearly to zero before the next large
                     order
                     arrives. A second line represents a smaller, more frequent replenishment cycle,
                     oscillating between zero and roughly 179 units. Horizontal dashed lines mark reference
                     levels at approximately 89 units and 200 units. Vertical arrows along the time axis
                     indicate replenishment points for the smaller lot‐size system.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-5: Competing Objectives for Manufacturers
[image: A table comparing marketing, operations, finance, and ESG objectives across customer service, production efficiency, and inventory investment. Go to long description for more details.]
                  
                  
                  The table shows four functional areas—marketing,
                     operations, finance, and ESG—aligned with their conventional objectives. For
                     each area, arrows indicate whether the function seeks to increase or
                     decrease customer service, production efficiency, and inventory investment.
                     Marketing emphasizes higher customer service and higher inventory investment
                     but lower production efficiency. Operations focuses on reducing cost while
                     increasing efficiency and lowering customer service. Finance seeks higher
                     customer service and higher efficiency but lower inventory investment. ESG
                     emphasizes improvements across all three categories to meet environmental
                     and regulatory requirements.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-6: ABC Inventory Ranked by Annual Dollar Usage
[image: A table titled “ABC Inventory Ranked by Annual Dollar Usage.” Please go to long description for more details.]
                  
                  
                  This table displays the annual quantity sold, cumulative
                     annual quantity, annual dollar usage, and cumulative dollar usage of various
                     parts along with their cumulative percent of total items, cumulative percent
                     of dollar usage, and their classification. The part numbers listed include
                     232, 332, 343, 665, 443, 875, 218, 989, 783, and 163. The cumulative dollar
                     usage is calculated progressively, and parts are classified into categories
                     A, B, and C based on their dollar usage contribution. For instance, Parts
                     232 and 332, with collective cumulative dollar usage of $39,500, together
                     account for 20% of the cumulative percent of total items and 80% of the
                     cumulative percent of dollar usage and so both are classified as A. Another
                     important area is for Parts 343, 665, and 443, with cumulative percent of
                     total items at 50% and cumulative percent of dollar usage at 80%, and so all
                     three are classified as B. The classifications help in identifying the
                     importance of parts based on their dollar usage, with A being the most
                     significant and C the least.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-7: ABC Inventory in Chart Form
[image: A cumulative percentage chart showing the relationship between cumulative percent of value and cumulative percent of items. Go to long description for more details.]
                  
                  
                  Category A items make up about 20% of the items but
                     account for around 65-80% of the dollar usage. Category B items represent
                     the next 30% of items and contribute about 15-20% of the dollar usage.
                     Category C items, the remaining 50% of items, account for the final 5-10% of
                     the dollar usage.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-2: How Inventory Flows Through Supply Chain
[image: Diagram of how inventory types flow through the supply chain from suppliers’ suppliers to retailers. Go to long description for more details.]
                  
                  
                  The diagram illustrates how different inventory types
                     appear at each stage of the supply chain. Suppliers’ suppliers hold raw
                     materials and MRO. First-tier suppliers hold raw materials, floor stocks,
                     WIP, finished goods used as raw materials by the manufacturer, and MRO.
                     Manufacturers hold raw materials, floor stocks, WIP, and multiple categories
                     of finished or semifinished goods, including postponement parts, packaged
                     goods, bulk goods, and service parts, plus MRO. Distribution centers hold
                     finished and semifinished goods, postponement parts, packaged goods, bulk
                     goods, and service parts, along with MRO. Wholesalers hold packaged, bulk,
                     and service parts and MRO. Retailers hold packaged goods, service parts, and
                     MRO. Arrows beneath the chain represent transit inventory moving between
                     stages and distribution inventory from the manufacturer’s perspective
                     flowing toward the final customer.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-38: Stable Demand but Unstable Lead Time
[image: Inventory-level chart showing reorder point, demand, and replenishment. Three lead-time scenarios (A, B, C) illustrate stockout risk depending on when replenishment arrives. Read long description below.]
                  
                  
                  The diagram plots quantity on hand over time with a reorder point set at approximately
                     100 units. A diagonal downward line represents demand reducing inventory over time.
                     When
                     inventory hits the reorder point, an order is placed, and replenishment is shown as
                     a
                     vertical upward line back to full stock.

                  
                  
                  
                  Two replenishment cycles (#1 and #2) illustrate how inventory depletes and how
                     replenishment timing affects stockouts. Three labeled points—A, B, and C—represent
                     different relationships between lead time (LT) and the rate of demand:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Point A: Inventory falls to zero before replenishment arrives, resulting in
                           a stockout.

                        
                        

                     
                     
                     	
                        
                        
                        Point B: Inventory reaches exactly zero at the moment replenishment arrives,
                           so there is no stockout.

                        
                        

                     
                     
                     	
                        
                        
                        Point C: Inventory does not reach zero before the replenishment arrives,
                           again resulting in no stockout.

                        
                        

                     

                  
                  
                  
                  Dashed vertical lines show different possible lead times, and captions explain the
                     conditions at each point. The figure demonstrates how variability in demand or lead
                     time
                     affects stockout risk when operating at the reorder-point threshold.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-31: Possible Results with Zero Safety Stock and Demand Variation
[image: The graph depicts inventory levels over time, where the vertical axis represents quantity and the horizontal axis represents time. Go to long description for more details.]
                  
                  
                  A horizontal dashed line marks the reorder point at 100 units. As
                     inventory depletes, a replenishment order is triggered when the reorder point is
                     reached, ensuring stock is received before it hits zero (Point A). Point B shows
                     inventory reaching zero precisely at replenishment, avoiding stockout. Point C indicates
                     a stockout situation where inventory reaches zero before replenishment. The lead time
                     (LT) is the duration from ordering to receiving stock. The graph emphasizes the
                     importance of timing in reorder processes to prevent stockouts.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-33: Stockout Opportunities Are Based on Order Frequency
[image: The image consists of two graphs showing inventory levels over time. Both graphs show the cyclic nature of inventory levels, but with different order quantities and corresponding average inventory levels. Read long description below.]
                  
                  
                  The vertical axis represents units in stock, and the horizontal
                     axis represents time.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Top Graph: Illustrates an inventory system where the order quantity (Q) is
                           500 units, leading to an average inventory level of 250 units. The inventory
                           decreases linearly until a new order is received, replenishing the stock back to
                           500 units. Two instances of replenishment are shown, with two chances of a
                           stockout before the resupply is received.

                        
                        

                     
                     
                     	
                        
                        
                        Bottom Graph: Illustrates an inventory system where the order quantity (Q)
                           is 250 units, leading to an average inventory level of 125 units. The inventory
                           decreases linearly until a new order is received, replenishing the stock back to
                           250 units. Four instances of replenishment are shown, indicating more order
                           frequency, and more chance of a stockout.

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-34: Mean Absolute Deviation from Previous Forecast
[image: The image illustrates the concept of Mean Absolute Deviation (MAD) from a previous forecast, using a normal distribution curve. Go to long description for more details.]
                  
                  
                  The graph shows a normal distribution curve centered at zero
                     deviation, with the horizontal axis labeled in MAD units (-3 to +3) and the
                     corresponding percentage deviation (-84 to +84 units). Key annotations include: 50%
                     chance of overstock at zero deviation, sufficient stock 80% of the time at ±1 MAD,
                     95%
                     of the time at ±2 MAD, and 99% of the time at ±3 MAD. Demand is less than forecasted
                     on
                     the left side of zero (possible overstock), and greater than forecasted on the right
                     side (possible stockout).

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-35: Standard Deviations in a Normal Distribution
[image: The image illustrates standard deviations in a normal distribution, showing a bell curve centered at zero, representing the mean. Go to long description for more details.]
                  
                  
                  The horizontal axis is labeled with standard deviation (SD) units
                     from -3 to +3. The areas under the curve are divided into sections, each corresponding
                     to different probabilities. The left side of zero indicates overstock scenarios, while
                     the right side indicates stockout scenarios. Key probabilities are highlighted: 68.27%
                     within ±1 SD, 95.45% within ±2 SD, and 99.73% within ±3 SD. Specific percentage values
                     are noted at each standard deviation mark: -34.14%, -13.59%, -2.14%, -0.14% on the
                     left,
                     and +34.14%, +13.59%, +2.14%, +0.14% on the right.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 6-37: Mean Absolute Deviation from Previous Forecast
[image: The image illustrates the concept of Mean Absolute Deviation (MAD) from a previous forecast, using a normal distribution curve. Go to long description for more details.]
                  
                  
                  The graph shows a normal distribution curve centered at zero
                     deviation, with the horizontal axis labeled in MAD units (-3 to +3) and the
                     corresponding percentage deviation (-84 to +84 units). Key annotations include: 50%
                     chance of overstock at zero deviation, sufficient stock 80% of the time at ±1 MAD,
                     95%
                     of the time at ±2 MAD, and 99% of the time at ±3 MAD. Demand is less than forecasted
                     on
                     the left side of zero (possible overstock), and greater than forecasted on the right
                     side (possible stockout).

                  
                  
               
               Go to image in text.
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