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         Module 5: Inventory Management

         
         
         
         
            
            
            This module addresses inventory management, one of
               the key pillars of logistics, as highlighted in the model below. Note how inventory
               management is a tactical/operational activity. It is driven by logistics strategy,
               including the logistics framework, network (re)design, sustainability, reverse
               logistics, and risk management decisions. It is also directed by demand- and supply-side
               activities.

            
            
            
            
               
               [image: A diagram illustrating the logistics planning and control model. Go to long description for more details.]
               
               
               
                  Go to long description.
                  

               
               
            
            
            
            Section A introduces inventory management and
               associated theories and approaches that a company may use to understand the role and
               associated costs of inventory.

            
            
            
            Section B introduces inventory planning and
               inventory control.

            
            

         
         
         
         
   
      
         
         
         
         Section A: Understand Inventory Management Fundamentals

         
         
         
         
            
            
            
               After completing this section, students will be able
                  to
               

            
            
            
            
               
               
               	
                  
                  
                  Contrast stakeholder expectations for
                     inventory management

                  
                  

               
               
               
               	
                  
                  
                  Summarize the different functions or purposes
                     inventory serves in a business

                  
                  

               
               
               
               	
                  
                  
                  Define key inventory management terms

                  
                  

               
               
               
               	
                  
                  
                  Explain and illustrate the major types of
                     inventory costs.

                  
                  

               
               

            
            
            
            This section looks at

            
            
            
            
               
               
               	
                  
                  
                  The definition of inventory—where inventory
                     exists in the supply chain and how it is viewed by stakeholders

                  
                  

               
               
               
               	
                  
                  
                  Functions of inventory—the ways in which
                     inventory is used and key terminology

                  
                  

               
               
               
               	
                  
                  
                  Costs of inventory—categories of costs
                     created by inventory functions.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Understand Inventory Types, Characteristics,
            and the Role of Inventory Management

         
         
         
         
            
            
            Inventory levels in the supply chain are based on decisions
               that balance the cost of acquiring and stocking inventories against the ability to
               meet or
               exceed a targeted level of customer service. The decision involves questions of
               serviceability, cost reduction, process efficiency, and capital budgeting.

            
            
            
            In addition to being used in the manufacture
               of products and directly filling customer orders, inventory plays
               a major strategic role in an organization. How an organization uses
               inventory to decouple supply and demand and to support service levels
               and total cost objectives directly impacts the organization’s bottom
               line.

            
            

         
         
         
         
         
            
            
            Inventory Types and Characteristics

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary partially
                  defines inventory as

               
               
               
               
                  
                  those
                     stocks or items used to support production (raw materials and work-in-process
                     items), supporting activities (maintenance, repair, and operating
                     supplies), and customer service (finished goods and spare parts).

                  

               
               
               
               The term can be applied
                  therefore to different types of businesses—manufacturers who use
                  raw materials and manufactured components to create goods, fabricators and
                  assemblers, and consumer-oriented sellers (both brick-and-mortar
                  and online).

               
               
               
               As Exhibit 5-1 shows,
                  inventory exists at every point in the supply chain.

               
               
               
               
                  Exhibit 5-1: Inventory in the Supply Chain[image: This image shows the flow of inventory through a supply chain, starting from suppliers and moving through manufacturers or fabricators, distribution centers, and retail outlets, with a focus on different types of inventory at each stage. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               
                  
                  
                  	
                     
                     
                     Suppliers, who provide
                        raw materials to manufacturers, carry inventory so that they can
                        respond to demand from manufacturers.

                     
                     

                  
                  
                  
                  	
                     
                     
                     For
                        a manufacturer or fabricator, inventory exists as work in process (WIP), defined in the ASCM Supply Chain Dictionary as

                     
                     
                     
                     
                        
                        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 semifinished stock
                           and components in this category.

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     At
                        distribution centers, inventory may take the form of

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Packaged goods awaiting orders and transportation
                              to a distributor, retailer, or consumer

                           
                           

                        
                        
                        
                        	
                           
                           
                           Cycle
                              stocks that can be reordered by customers and consumers

                           
                           

                        
                        
                        
                        	
                           
                           
                           Postponement inventory awaiting final kitting and
                              shipment

                           
                           

                        
                        
                        
                        	
                           
                           
                           Refurbished goods that are cleared for resale but need to be segregated from new
                              stock and sold as refurbished.

                           
                           

                        
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     While inventory is in transit, it is called in-transit or pipeline inventory, and
                        this
                        can be a significant amount of inventory.

                     
                     

                  
                  
                  
                  	
                     
                     
                     When finished goods are being moved or stored in the distribution channel, this
                        inventory is sometimes called distribution inventory. 

                     
                     

                  
                  
                  
                  	
                     
                     
                     At the final point in the supply chain, inventory includes
                        packaged goods that have not yet been sold to consumers, including refurbished
                        goods.

                     
                     

                  
                  

               
               
               
               Inventory also includes
                  all those materials that may be required to support operations at
                  each point in the supply chain—maintenance,
                     repair, and operating (MRO) supplies, which the ASCM Supply Chain Dictionary defines 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.

                  

               
               
               
               Examples include the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     A chemical supplier
                        inventories materials needed for handling and cleanup.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Equipment
                        at manufacturers, warehouses, and retailers requires maintenance supplies,
                        such as oil and spare parts.

                     
                     

                  
                  

               
               
               
               
                  
                  Special Inventory Characteristics

                  
                  
                  
                  
                  In addition to the basic categories of inventory just discussed, there are a number
                     of
                     special inventory characteristics that can result in special handling requirements:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Dangerous goods (hazmat), which include hazardous raw materials and finished goods,
                           and hazardous waste awaiting regulated disposal or destruction

                        
                        

                     
                     
                     	
                        
                        
                        Inventory that is highly susceptible to damage or fragile, which increases its
                           storage, handling, and transportation costs

                        
                        

                     
                     
                     	
                        
                        
                        Bulky items that need special storage, handling, and transportation, such as
                           requiring a driver and a second handler

                        
                        

                     
                     
                     	
                        
                        
                        Perishable goods, some of which may require segregation from other goods as well as
                           temperature and humidity controls as well as a fast life cycle to ensure the goods
                           remain in motion to the degree needed to minimize waste (e.g., food waste)

                        
                        

                     
                     
                     	
                        
                        
                        Temperature and/or humidity-controlled goods, which include many perishable goods,
                           pharmaceuticals, and other goods

                        
                        

                     
                     
                     	
                        
                        
                        Excess goods, which includes simple overstocks as well as inactive inventory

                        
                        

                     
                     
                     	
                        
                        
                        Obsolete goods that need to be liquidated or disposed of and written off on the
                           books

                        
                        

                     

                  
                  
                  
                  Inventory ownership or who finances the inventory may also impact how it is accounted
                     for
                     and managed:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Customer-owned inventory that could be managed by the customer (the traditional
                           model) or be vendor-managed inventory (VMI)

                        
                        

                     
                     
                     	
                        
                        
                        Consignment inventory is vendor-owned inventory (VOI) located at the customer’s
                           facility (e.g., plant or retail location) that could be managed by the customer or
                           by
                           the supplier (VMI) 

                        
                        

                     

                  
                  
                  
                  Details on these special inventory characteristics are addressed elsewhere in this
                     module.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Decoupling Supply and Demand

            
            
            
            
               
               
               Decoupling separates supply
                  from demand so that, when supply or demand fluctuates at specific
                  points in a distribution or production process, customer demand
                  can be filled from independent inventories.

               
               
               
               The ASCM Supply Chain Dictionary definition
                  of decoupling focuses on the
                  use of inventory as a buffer for processes in which demand may fluctuate
                  at different stages:

               
               
               
               
                  
                  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.

                  

               
               
               
               This can allow for
                  economies of scale within single facilities and allows separate processes
                  to operate at maximum efficiency. Economy
                     of scale is “a phenomenon whereby larger volumes of production
                  reduce unit cost by distributing fixed costs over a larger quantity”
                  (ASCM Supply Chain Dictionary).

               
               
               
               Decoupling may be external or internal. External decoupling
                  might occur in a retail distribution system where finished goods flow from a manufacturer
                  to
                  several levels of distribution to retail outlets and to customers. Another example
                  is a
                  value-added process that uses fabricators, assemblers, and distributors to progressively
                  fashion a product that is then offered to customers. Decoupling may also occur internally
                  at
                  discrete points in a manufacturing process, where subprocesses proceed at different
                  rates as
                  is shown in Exhibit 5-2. 

               
               
               
               
                  Exhibit 5-2: Decoupling Points in Service and Manufacturing Industries[image: A table categorizing different manufacturing/service environments and provides detailed examples for each category across various columns. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               While different products or services
                  will be conducive to a given manufacturing environment, it is important to understand
                  the
                  point where actual demand information can be used to pull production rather than needing
                  to
                  push out production based on forecasts. This location is called the push-pull frontier
                  and
                  it is an example of a decoupling point. According to the ASCM
                     Supply Chain Dictionary, decoupling points are “the
                  locations in the product structure or distribution network where inventory is placed
                  to
                  create independence between processes or entities. Selection of decoupling points
                  is a
                  strategic decision that determines customer lead times and inventory investment.”
                  In a push
                  or make-to-stock (MTS) system, the decoupling point is closer to the customer. In
                  an
                  assemble-to-order (ATO) system, the customer order decoupling point is at the assembly
                  point. In a pull or make-to-order (MTO) system, decoupling points may occur at various
                  stages in the process, for example, at the supplier if raw materials are not purchased
                  until
                  the order is placed or at some later point in production if raw materials are held
                  in
                  inventory. Finally, in an engineer-to-order (ETO) production environment, the decoupling
                  point is well back at one’s suppliers’ suppliers (tier 2 suppliers), because in this
                  environment, no materials are ordered until the customer has placed an order for a
                  custom
                  product or service.

               
               
               
               
                  
                  Bullwhip
                     Effect

                  
                  
                  The bullwhip
                     effect, shown in Exhibit 5-3,
                     occurs largely in push or make-to-stock systems, where organizations
                     handle inventory based on demand forecasts and lot sizes instead
                     of building to fulfill specific customer orders.

                  
                  
                  
                     Exhibit 5-3: Bullwhip Effect[image: A supply chain illustration depicting the “Bullwhip Effect.” The diagram shows a wavy line representing order size fluctuations along a supply chain, starting small with “Customer orders” on the right and becoming larger as it moves leftward through “Retailer,” “Distributor,” “Manufacturing,” and finally to “Supplier,” where the largest fluctuations occur. The y-axis on the left is labeled “Order size.”]
                  
                  
                  
                  In
                     the 1960s, MIT researcher Jay Forrester developed a game called
                     the beer game (now sometimes called the root beer game), which is
                     a supply chain simulation that has four echelons with a beer manufacturer
                     at one end and retail stores at the other, to demonstrate the bullwhip
                     effect. In the game, the participants play one of the echelons.
                     Participants are not allowed to communicate or collaborate other
                     than to place orders to their immediate upstream provider to fulfill
                     the demand they are experiencing. Due to this lack of communication,
                     the bullwhip effect invariably means that each successive order
                     grows (or shrinks) at a substantially greater amount than the original
                     order.

                  
                  
                  The bullwhip
                     effect is caused by independent forecasting at each echelon, lot
                     sizing policies, and little or no upstream communication of end
                     customer demand information. Each echelon suffering from the bullwhip
                     effect bases its forecast on orders from its immediate downstream
                     customers. A spike in end customer demand or a shortage of supply
                     that results in stockouts triggers a larger retail order than normal
                     to replenish safety stocks, to guard against future supply failure,
                     or in anticipation of even greater demand in the next period. The
                     entire retail order is treated by the distributor as demand (rather
                     than demand plus safety stock or anticipatory orders), and the same
                     pattern continues upstream, getting larger and larger. Likewise,
                     a drop in consumer demand can result in an even larger drop in orders
                     at each successive echelon point.

                  
                  
                  A number of factors reinforce the bullwhip
                     effect. When too much inventory is ordered in one period, perhaps
                     due to end-of-period sales pressures or promotions, the next period’s
                     order will be quite small as your customers try to sell off the
                     excess, creating the waves shown in Exhibit 5-3.
                     Inventory can also quickly move from being backordered to being
                     in excess due to the serial nature of communicating orders upstream
                     while transportation results in a delay in downstream product movement. Stockouts
                     can likewise understate actual demand as additional persons might
                     have made a purchase if the item had been in stock.

                  
                  
                  
                  The actual driver of demand
                     needs to be consumer activity rather than distribution channel activity.
                     If the downstream echelon activity is used for orders, prior period unsold
                     inventory at a distributor or retailer is treated as if it were
                     actual demand, while it is actually just inventory build-up. Any
                     erroneous shipments would also be included in the forecast.

                  
                  
                  Supply variability also
                     reinforces the bullwhip effect. Variability of materials, parts, and
                     products available to buyers increases uncertainty. A shortage in
                     supply during one period may result in reactionary over-purchasing
                     in the next period, with the excess accumulating in warehouses as
                     overstock. This order size variability increases as it goes upstream,
                     while lot size variability increases downstream.

                  
                  
                  Today both forecasting and promotions planning
                     need to be collaborative. While it is vital to get retailers and
                     others selling to the end customer to share sales data upstream,
                     information on sales promotions such as discounts or special offers
                     also needs to be communicated or, better yet, collaborated upon
                     for maximum impact and minimum reduplication of effort. Collaborative
                     forecasting, planning, and replenishment (CPFR), or decoupling inventory
                     with dynamic buffers, is one way to enable collaboration.

                  
                  
                  In addition to sharing
                     information on sales and promotions, collaborative partnerships
                     like vendor-managed inventory (VMI) can smooth out the bullwhip effect,
                     as was proven when Procter & Gamble took over management of
                     their diaper inventories at Walmart stores. Rather than requiring
                     communication, with VMI the vendor gathers actual demand information
                     directly.

                  
                  
                  Communication
                     of both demand data and promotions requires rigorous processes, agreements,
                     and trust building. People will have reasons for not sharing information, for
                     example, a promotion’s impact is proving difficult to quantify or
                     sales results were less than anticipated and could impact the organization’s
                     market value. A rigorous process can make communicating these things
                     routine and in some cases automatic.

                  
               
               

            
            

         
         
         
         
            
            
            Supporting Service Levels

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary defines level of service as follows:

               
               
               
               
                  
                  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 environment,
                     level of service
                     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 and design-to-order environments, level of
                     service is the
                     percentage of times the customer-requested or acknowledged date was met by shipping
                     complete product
                     quantities.

                  

               
               
               
               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. Stockout is defined in the ASCM Supply Chain Dictionary as
                  “a lack of materials, components, or finished goods that are needed.”

               
               
               
               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 follows:

               
               
               
               
                  
                  A
                     measure (percentage) of meeting the customer’s originally negotiated
                     delivery request 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 1 – 0.95 = 0.05 or 5 percent. The ASCM Supply Chain Dictionary defines stockout percentage in part as
                  follows:

               
               
               
               
                  
                  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.

                  

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

               
               
               
               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 5-4. (An
                  exception would be perfectly stable demand, which could achieve
                  perfect satisfaction with no safety stock.)

               
               
               
               
                  Exhibit 5-4: Safety Stock Requirements at High Service Levels[image: A graph with two axes: “Safety Stock” (vertical axis) and “Customer Service” (horizontal axis). The chart demonstrates an upward-curving line, representing how safety stock increases as customer service levels rise. The graph begins at 50% customer service and curves sharply upward as it approaches 100%. Key points along the customer service axis are 85%, 94%, and 100%. The higher the customer service percentage, the more safety stock is required.]
               
               
               
               
               Customer service levels
                  also carry associated costs. Strategic decisions around both customer
                  service levels and inventory levels affect profitability. For example,
                  if a company decides to hold assembled inventory in stock instead
                  of making to order in an effort to reduce order turnaround time,
                  the value of its inventory may grow.

               
               
               
               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
                  supply chain flexibility.

               
               

            
            

         
         
         
         
            
            
            Supporting Total Cost Objectives

            
            
            
            
               
               
               To fulfill its basic functions, inventory resides at
                  many points in the supply chain. Approaches to managing that inventory have evolved
                  along
                  with the supply chain structure and modern business practices and imperatives. Traditional
                  approaches to inventory management focused on the end of the supply chain—consumer
                  or
                  customer demand. Production operated continually, creating inventory—occasionally
                  gluts of
                  inventory—which would be corrected by the costly interruption of production. Excessive
                  levels of inventory created additional costs for the organization and additional exposure
                  to
                  risk in fluctuations of demand.

               
               
               
               Because of its critical impact on the bottom line,
                  effective inventory management is now seen as a way to create value in the business,
                  not
                  just as a cost center. It is more important than ever to understand the role that
                  inventory
                  can play in supporting the business’s strategic objectives, controlling inventory
                  to
                  optimize its value and reducing exposure to risk. Before an organization can effectively
                  optimize inventory, it should know the true cost of inventory.

               
               
               
               The total cost of 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 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.

               
               
               
               A total cost analysis can be done when considering buying in bulk to get bulk purchase
                  discounts. It should factor in not only the differential in unit and transportation
                  costs,
                  but also determine if these units should be given a higher inventory storage cost
                  charge to
                  factor in higher working capital interest costs, higher risk of damage/spoilage, inactive
                  inventory, or obsolete inventory (plus disposal). 

               
               
               
               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 helps the organization’s finances look good to investors,
                  but this practice 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 carrying 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 and the total cost to customers, 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. If a supplier
                  maintains low inventories, it can charge less for its goods, and
                  these savings are passed on. Of course, a plant stoppage or a missed
                  sale due to a stockout will increase costs or reduce revenues, so minimization
                  of inventory investment often has a lower limit.

               
               

            
            

         
         
         
         
            
            
            Stakeholder Perceptions of Inventory

            
            
            
            
               
               
               The supply of materials
                  must be maintained at a level that satisfies the needs of the various
                  stakeholders in a business. The inventory manager often finds that
                  these needs conflict.

               
               
               
               
                  
                  
                  	
                     
                     
                     Business leaders making
                        strategic decisions may see inventory as a cost that limits investments
                        in new opportunities and growth. They also fear loss of the value
                        of inventory (which is listed as an asset on the business’s balance
                        sheet) through obsolescence and inventory
                           shrinkage (according to the ASCM
                           Supply Chain Dictionary, this is defined as “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”).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Financial
                        managers often seek to keep the value of inventory low since this
                        affects a business’s financial metrics. The business’s financial
                        performance is of prime interest to owners and stockholders, existing
                        or potential creditors, and management, who may be incentivized
                        according to certain metrics.

                     
                     
                     
                     Inventory is a large component (often the
                        largest) of a business’s assets. The return on assets ratio (ROA)
                        illustrates the impact of large inventory value on a business’s
                        profitability.

                     
                     
                     
                     
                        
[image: ../images/5a-1_5_-_stakeholder_perceptions_of_inventory_01_id179MD0LE05Z_mathml_73_width_592.png]

                        

                     
                     
                     
                     As the value of inventory
                        grows, assets increase and the ROA measure of profitability decreases.
                        In the example above, decreasing assets (perhaps through inventory
                        reduction) by US$500,000 results in a three-point improvement in
                        ROA.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Operations
                        managers look at inventory as key to their output. When inventory
                        is not available to sustain production, output drops, along with
                        performance metrics for operations.

                     
                     

                  
                  
                  
                  	
                     
                     
                     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. Specifically, marketing wants sales income
                        to offset its own investments in promotions and sales wants sufficient
                        inventory to ensure that customers can purchase the product on their
                        first attempt. Unavailability of product, or stockout, can result
                        in temporary or potentially permanent losses of business to competitors
                        or other alternatives.

                     
                     
                     
                     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.

                     
                     

                  
                  
                  
                  	
                     
                     
                     And
                        consumers, of course, want the right product in the desired amount
                        with the desired quality at the desired time. This necessitates
                        having sufficient levels to meet demand wherever it may occur.

                     
                     

                  
                  

               
               
               
               Having said all this, note that some organizations have higher levels of supply chain
                  maturity than others. Organizations and supply chains that are better at collaborating
                  will
                  understand these tendencies and will be able to find balanced solutions in regular
                  communications.

               
               

            
            

         
         
         
         
            
            
            Inventory and Time

            
            
            
            
               
               
               The goal of inventory management is to have enough but
                  not too much and for not too long. The question of how long inventory persists in
                  the supply
                  chain is critical to a business’s financial performance and risk management. Acquiring
                  and
                  holding inventory represents a considerable investment of business resources that
                  might have
                  been spent on other opportunities. The length of time that inventory resides in the
                  supply
                  chain (before it is translated into revenue) also makes the business vulnerable to
                  fluctuations in consumer demand or the value of the inventory.

               
               
               
               Inventory can be classified by
                  amount, time, and purpose. The ASCM Supply Chain Dictionary defines excess inventory as follows:

               
               
               
               
                  
                  Any inventory in the system 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.

                  

               
               
               
               Note how the last part of this definition provides
                  three basic categories of inventory. Protective inventory is the buffer or safety
                  stock.
                  Productive inventory relates to the theory of constraints, but in master scheduling
                  time
                  fence terminology, it would be inventory that meets the requirements within the planning
                  time fence. Excess inventory would then be any non-safety stock inventory that is
                  produced
                  in excess of what is needed for the requirements within the planning time fence.

               
               
               
               Note also that excess inventory
                  that has been inactive for a defined period is called inactive
                     inventory, which the ASCM Supply Chain Dictionary defines as
                  follows:

               
               
               
               
                  
                  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.

                  

               
               
               
               This inventory falls into two groups. The first group
                  is inventory that will never be used and that should be scrapped or sold. The second
                  group
                  is inventory that is no longer used but that could be used for repairs. This inventory
                  might
                  even be held due to a contractual/legal obligation to continue to hold it for a period
                  of
                  time after the product is last produced.

               
               
               
               Although inventory can be a drag on a business’s
                  performance, businesses often maintain higher levels of inventory than are needed
                  to satisfy
                  demand because of internal and external problems, such as

               
               
               
               
                  
                  
                  	
                     
                     
                     Unreliable suppliers

                     
                     

                  
                  
                  
                  	
                     
                     
                     Lack of confidence in planners’ forecasting ability,
                        which may lead to supplies that are inadequate for demand and to lost sales revenue

                     
                     

                  
                  
                  
                  	
                     
                     
                     Demand characteristics that make accurate forecasting
                        difficult

                     
                     

                  
                  
                  
                  	
                     
                     
                     Production problems, which can include interruptions
                        in production, missed production goals, and poor quality work that requires correction
                        or is rejected by customers.

                     
                     

                  
                  

               
               
               
               These factors can lead to excess inventory, which can
                  eventually become inactive inventory.

               
               
               
               To understand how inventory resides in a business’s
                  supply chain, Rushton et al., in The Handbook of Logistics and
                     Distribution Management, recommend mapping value-added and non-value-added time in the
                  supply chain. Value-added time reflects the investment of resources that will result
                  in
                  sales. During non-value-added time, inventory simply sits and waits.

               
               
               
               The time line in Exhibit 5-5 shows the various steps involved
                  in turning a cherry tree in a forest into a bookcase in someone’s home.

               
               
               
               
                  Exhibit 5-5: Inventory and Time[image: This chart breaks down the different steps and time required to turn a cherry tree into a bookcase, highlighting both value-added and non-value-added time for each step in the process. It presents a total pipeline time of 170 days, with 35 days attributed to value-added time and 135 days to non-value-added time. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               The exhibit also shows how the time inventory resides in
                  the pipeline can accumulate at each step in the process. Value-added time includes
                  transformation processes required to create the piece of furniture and time required
                  to
                  transport material. During non-value-added time, wood, partially finished wood and
                  bookcases, and finished bookcases are returned to storage areas to await the next
                  step in
                  the process.

               
               
               
               This means that the full value of this process is not
                  recaptured for 170 days. To decrease that time, businesses must find ways to shorten
                  the
                  cycle.

               
               
               
               This may include any of the following approaches:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Examining each step to find efficiencies and compress time.
                           
                        For example, the
                           furniture maker may discover that with different equipment or a different process,
                           lacquering and inspection and correction can be shortened by a day.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Reducing inventory lead times and safety stock throughout the pipeline.
                           
                        To prevent the
                           possibility that materials and goods might be unavailable to meet current demand,
                           planners may order material far in advance of when it is needed or maintain levels
                           significantly in excess of the amounts needed to support production. Just-in-time
                           inventory practices correct these tendencies by managing supply to demand more closely
                           at each step in the process. This requires greater visibility of inventory throughout
                           the supply chain and more collaborative relationships between the supply chain
                           participants.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Using faster transportation options.
                           
                         Sometimes a transit mode
                           that costs more will generate more savings by decreasing inventory.
                        

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Define Functions of Inventory and Related
            Strategies

         
         
         
         
            
            
            Inventory can be classified by its functions:

            
            
            
            
               
               
               	
                  
                  
                  Serves demand for raw materials and finished
                     goods

                  
                  

               
               
               
               	
                  
                  
                  Smooths
                     the impact of fluctuations in supply and demand—in other words, ensuring
                     that the right amounts of the right stock are available in the right
                     places at the right time

                  
                  

               
               
               
               	
                  
                  
                  Buffers
                     against uncertainty in supply and demand

                  
                  

               
               
               
               	
                  
                  
                  Creates
                     cost-savings opportunities through enabling economies of scale or
                     various hedging tactics.

                  
                  

               
               

            
            

         
         
         
         
         
            
            
            Demand

            
            
            
            
               
               
               The fundamental purpose
                  of inventory is to fulfill demand for raw materials, parts and supplies,
                  or finished goods at a service level that balances the potential
                  profits received against the various costs associated with acquiring
                  and holding inventory. Failing to meet demand means lost revenue.
                  Failing to control costs decreases profits. So it is essential for
                  inventory managers to identify the levels of inventory required
                  for each item to meet normal demand.

               
               
               
               
                  
                  Cycle
                     Stock and Average Inventory

                  
                  
                  The term “cycle stock” describes the amount
                     of inventory required to satisfy normal demand before the inventory
                     must be replenished. This is the lot
                        size, or, as defined in
                     the ASCM Supply Chain Dictionary,

                  
                  
                  
                     
                     the
                        amount of a particular item that is ordered from the plant or a
                        supplier or issued as a standard quantity to the production process.

                     

                  
                  
                  It is also referred to
                     as the order quantity.

                  
                  
                  Cycle
                     stock is a dynamic quantity. The ASCM Supply Chain Dictionary defines cycle stock as follows:

                  
                  
                  
                     
                     One
                        of the two main conceptual components of any item inventory, the
                        cycle stock is the most active component. The cycle stock depletes
                        gradually as customer orders are received and is replenished cyclically
                        when supplier orders are received. The other conceptual component
                        of the item inventory is the safety stock, which is a cushion of
                        protection against uncertainty in the demand or in the replenishment lead
                        time.

                     

                  
                  
                  For example, to meet anticipated external demand, a company
                     fabricating mobile phones needs to produce 200 phones a day. Let’s
                     assume that the company buys only enough inventory to meet weekly
                     orders. There is no beginning inventory, and no inventory is left at
                     the end of the week. The company orders the plastic outer cases from a
                     supplier in lot sizes of 1,000. So the beginning inventory level is
                     1,000 cases, and, assuming a steady production level, the inventory
                     will be depleted at the end of five days. Another order arrives, and
                     the cycle begins again. The reality is more complex than this
                     simplification and makes the actual amount of inventory needed to meet
                     demand in a cost-effective manner with an acceptable level of risk
                     (regarding the ability to provide service or fulfill demand) more
                     challenging to calculate.

                  
                  
                  Average inventory provides a picture of
                     cycle stock that incorporates additional inventory to protect against
                     the effect of uncertainty in supply or demand. The ASCM Supply Chain Dictionary defines average inventory as

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

                     

                  
                  
                  Exhibit 5-6 shows
                     a fairly realistic picture of inventory levels, one that incorporates some
                     level of safety stock.

                  
                  
                  
                     Exhibit 5-6: Average Inventory[image: A graph with the y-axis labeled as “Q/2” and the x-axis labeled as “Time.” The graph depicts a downward-sloping blue line representing the depletion of inventory from an initial quantity “Q” down to a lower safety stock level, marked by a horizontal dashed line. The inventory is replenished periodically, as shown by the sharp upward spikes at regular intervals. The space between the safety stock level and the peak of the blue line represents “Cycle Stock.” The safety stock level remains constant over time.]
                  
                  
                  
                  Using
                     the previous example, the inventory manager for the mobile phone manufacturer
                     becomes aware that both demand and materials supply fluctuate. Sometimes
                     production must be increased to meet demand, and, when this happens, the
                     company may run out of plastic cases before the next order is scheduled
                     to arrive. Or a scheduled shipment might arrive late. To buffer
                     these fluctuations, the inventory manager includes additional stock
                     that is available to the production lines when the need arises.
                     Together, cycle stock and safety stock make up the average inventory.

                  
               
               
               
               
                  
                  Transportation
                     or Pipeline Stock

                  
                  
                  Inventory
                     that is in the pipeline must also be considered. The ASCM Supply Chain Dictionary defines pipeline stock, or pipeline
                        inventory, as

                  
                  
                  
                     
                     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.

                     

                  
                  
                  The terms “transportation inventory” or “transit inventory” are
                     also used.

                  
                  
                  
                  For example, the mobile phone manufacturer sends an economical
                     number of devices to its various distributors periodically. These
                     shipments constitute pipeline inventory for the manufacturer. For
                     organizations using low-cost country sourcing and ocean shipping, it
                     is not uncommon for them to have one to two months’ inventory in
                     transit at any given time. This is a significant amount of inventory
                     and so it adds to carrying cost and slows down how responsive the
                     organization can be to changes in customer preferences or demand,
                     increasing obsolescence risk (i.e., use faster methods for short
                     life-cycle products). 

                  
               
               
               
               
                  
                  Anticipation
                     Inventory

                  
                  
                  Occasionally,
                     a business can foresee the need to increase lot size and build inventory to
                     support anticipated increases in demand or disruptions in supply. Anticipation inventories are
                     defined in the ASCM Supply Chain Dictionary as

                  
                  
                  
                     
                     additional inventory above basic stocking levels to cover
                        projected trends of increasing sales, planned sales promotion
                        programs, seasonal fluctuations, plant shutdowns, and
                        vacations.

                     

                  
                  
                  For example, some plants in Asia-Pacific countries build
                     anticipation inventories in advance of Chinese New Year so they can
                     shut down for these weeks. In another example, hearing news about
                     increased hiring by a major employer, a retailer may anticipate
                     increased discretionary spending by the direct and indirect
                     beneficiaries of this economic activity and increase inventory of
                     nonessential goods at distribution centers in that market.

                  
               
               

            
            

         
         
         
         
            
            
            Smoothing Fluctuations in Supply and Demand

            
            
            
            
               
               
               Here are some ways to help smooth out supply and
                  demand fluctuations:

               
               
               
               
                  
                  
                  	
                     
                     
                     Geographical specialization

                     
                     

                  
                  
                  
                  	
                     
                     
                     Decoupling
                        supply and demand

                     
                     

                  
                  
                  
                  	
                     
                     
                     Accommodating seasonal fluctuations in supply and demand

                     
                     

                  
                  

               
               
               
               
                  
                  Geographical
                     Specialization

                  
                  
                  Geographical specialization is both a problem and an
                     opportunity for inventory management. Geographical specialization can
                     result in more variations in supply or demand (more product or service
                     varieties), which in turn can increase the risk of inventory
                     shortages. However, when there are multiple locations in the network
                     for storing inventory, this creates an opportunity to specialize in
                     what types and quantities of inventory should be held where to better
                     meet regional variations in demand. Automotive manufacturers hold more
                     bumpers in cold-weather regions where crashes are more likely. In an
                     urban setting, where storage space may be limited in small apartments,
                     inventory of large, economy-sized goods may be lower than it is in
                     suburban areas.

                  
               
               
               
               
                  
                  Decoupling
                     Supply and Demand

                  
                  
                  Decoupling is a way of managing inventory levels at each stage
                     of the logistics process in an effort to create efficiency in
                     manufacturing or transformation processes. Each process can operate at
                     its most efficient speed without needing to be constrained by the
                     slowest process overall. Decoupling also ensures that each stage has a
                     sufficient buffer of inventory needed to proceed without interruption
                     in service but without incurring the costs associated with producing
                     excess inventory that exceeds demand overall.

                  
                  
                  
                  For
                     example, a manufacturer of floatplanes produces the fuselages in
                     one process and the pontoons in another. Assembly occurs in a third
                     process, and, in a final process, the planes are finished. Interiors
                     and instrumentation are installed to specific customer orders. Because
                     of economies in ordering materials, different production rates,
                     and customer demand, the levels of inventory are managed separately
                     at each point. Downstream inventory is maintained at a low level
                     and is responsive to customer demand. Exhibit 5-7 illustrates
                     the points of decoupling in this process.

                  
                  
                  
                     Exhibit 5-7: Decoupling[image: This image shows a diagram illustrating the concept of decoupling in supply chains. It highlights two types of decoupling: (1) Decoupling manufacturing from supply, and (2) Decoupling final assembly from manufacturing. Go to long description for more details.]
                  Go to long description.

                  
                  
                  
                  This
                     example also illustrates the principle of postponement. By breaking
                     up the production process, manufacturers can delay costs associated
                     with adding value to materials and accumulating inventory and can
                     increase flexibility in customizing product to serve customers’
                     unique needs.

                  
               
               
               
               
                  
                  Seasonal
                     Fluctuations in Supply and Demand

                  
                  
                  In some businesses, supply and demand patterns differ. The
                     issue is clear in businesses with seasonal demand or supply. For
                     example, the apple harvesting season is only a few months long, but
                     the demand for apples is year-round. Fruit distributors accept higher
                     inventory during harvest and the costs of storing the fruit to meet
                     later demand. In some businesses, transportation may be more costly or
                     dangerous during certain times of the year, so raw materials will be
                     stockpiled during these periods to meet production demands in the
                     future. Seasonal storage requirements can be quite high compared to
                     off-season storage requirements, so flexible storage solutions may be
                     needed to avoid having to pay for maximum-need storage requirements
                     year round. For example, in the run-up to Easter, a chocolate
                     manufacturer may move from storage of around 4,000 pallets of finished
                     goods for most of the year up to 10,000 pallets just before the
                     holiday and then fall to only around 500 pallets just afterward.
                     Online order fulfillment centers have many products with distinct
                     seasonality. While the low inventory of off-season products can create
                     room for the high inventory for an upcoming season, if one season has
                     bulkier products than others (e.g., grills), this may reduce the
                     benefits of multi-season diversification.

                  
               
               

            
            

         
         
         
         
            
            
            Uncertainty in Supply or Demand

            
            
            
            
               
               
               The future is never as certain as plans describe, and cycle
                  stock may prove to be insufficient. There will be fluctuations in both supply and
                  demand. Inventory levels must be adequate to absorb the negative impact of
                  disruptions and flexible enough to take advantage of the positive impact of
                  opportunities that are likely to occur in their industries. Safety stock (or safety
                  lead time) and hedge inventory aim at protecting against threats and enabling a
                  business to take advantage of opportunities.

               
               
               
               
                  
                  Safety Stock and Safety Lead Time

                  
                  
                  Inventory
                     threats arise from unanticipated demand, delayed or incomplete orders, unplanned
                     interruptions in work processes, or damaged or defective stock.
                     For example:

                  
                  
                  
                     
                     	
                        
                        A forecast may not have
                           considered the impact of improved economic conditions and may consequently
                           have misstated consumer demand during the next year. Materials and
                           capacity plans are now incorrect, and production cannot meet the surprisingly
                           strong demand.

                        

                     
                     
                     	
                        
                        Shipments
                           may be delayed in transit due to weather, traffic, carrier issues,
                           or other causes.

                        

                     
                     
                     	
                        
                        A
                           product defect may require replacement, and this may draw inventory
                           down unexpectedly.

                        

                     

                  
                  
                  Inventory
                     managers use safety stock to protect against these kinds of threats.
                     The ASCM Supply Chain Dictionary defines safety stock, in general, as “a quantity
                     of stock planned to be in inventory to protect against fluctuations
                     in demand or supply.” A high level of safety stock helps ensure
                     the ability to deliver service and avoid stockouts. However, it
                     also increases costs related to inventory.

                  
                  
                  
                  Ordering early to reduce the risk of a supplier delay is another way to address
                     inventory shortage risk. 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 system, in offsetting for lead
                        time, will plan both order release and order completion for earlier dates
                        than it would otherwise. 

                     

                  
               
               
               
               An advantage is that this method does not increase inventory levels, so using safety
                  lead time is better for inventory with sporadic or uncertain demand. The inventory
                  is held for longer, however, which does increase the inventory carrying cost by the
                  number of extra days the inventory is held (inventory carrying cost is addressed
                  elsewhere).

               
               
               
               
                  
                  Hedge
                     Inventory

                  
                  
                  Hedge inventory is partially
                     defined in the ASCM Supply Chain Dictionary 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.

                     

                  
                  
                  For example, businesses
                     that rely on petroleum-based fuels will commonly build hedge inventories
                     when they suspect that fuel prices may increase in the near future. They
                     enter into contracts to purchase fuel at a specified rate. If prices
                     rise above this rate, the companies have saved money.

                  
                  
                  Hedge inventory can also
                     be a competitive weapon. For example, in preparation for the release
                     of its gold Apple Watch, Apple was rumored to have purchased 30
                     percent of the world’s gold production. This secured its own resources
                     but also pressured its competitors in the luxury watch category.
                     (Apple applies this same tactic to buying transportation capacity,
                     frequently purchasing almost all outbound shipment from its Chinese
                     producers to support product launches and holiday sales.)

                  
                  
                  Hedge inventory offers
                     benefits but also carries higher risk and costs. The ASCM Supply Chain Dictionary notes that, because
                     of this level of uncertainty and potential costs, “top management approval
                     is often required.” This investment may also require offsetting
                     investments that minimize losses if the hoped-for outcomes do not
                     materialize.

                  
               
               

            
            

         
         
         
         
            
            
            Cost Savings

            
            
            
            
               
               
               Management of inventory
                  can create cost savings by taking advantage of economies of scale
                  and by taking well-reasoned risks with the acquisition of inventory.
                  Using economies of scale allows inventory managers to decrease some
                  costs by increasing inventory level.

               
               
               
               
                  
                  Economies
                     of Scale

                  
                  
                  In terms
                     of inventory, economies of scale may be achieved by ordering in
                     larger quantities. While some costs increase, the unit cost of inventory
                     in larger lot sizes decreases. Transportation costs may decrease
                     as well. The effect of this inventory function is evident in decisions
                     about order quantities.

                  
                  
                  In Managing Supply Chains, the
                     authors note that the economies in cycle stock sizes usually stem
                     from procurement, production, and/or transportation.

                  
                  
                  
                     
                     	
                        
                        Procurement economies occur when suppliers
                           offer volume discounts. Using the mobile phone example, the manufacturer
                           may opt to increase the cycle stock if the plastic case supplier
                           offers a significant discount for ordering 2,000 units rather than
                           1,000.

                        

                     
                     
                     	
                        
                        Production
                           economies occur when a manufacturer analyzes costs and realizes
                           that production costs per unit can be decreased by increasing the
                           length of the run—to, for example, 300 phones per lot.

                        

                     
                     
                     	
                        
                        Transportation
                           economies occur when increasing the size of an order allows the manufacturer
                           to reach a more economical price tier. For example, the mobile phone
                           manufacturer may take advantage of a transportation cost drop that
                           is triggered by a higher order weight or volume.

                        

                     

                  
               
               

            
            

         
         
         
         
            
            
            Inventory Management Strategies

            
            
            
            
               
               
               Inventory
                     management is defined in the ASCM
                     Supply Chain Dictionary as

               
               
               
               
                  
                  the branch of business management
                     concerned with planning and controlling inventories.

                  

               
               
               
               Considering the perspectives of the various
                  stakeholders, the leaders of a business create an organizational strategy
                  and set business goals. The inventory management strategy is created with
                  these goals in mind and is operationalized through inventory policies,
                  practices, and parameters. Here are some examples of inventory management
                  strategies based on setting inventory level policies:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Minimize inventory assets:
                           
                        Make-to-order, postpone, share demand data, improve
                           forecasting, etc., when possible. For items that must be
                           make-to-stock, shift inventory burden to other supply
                           chain partners (e.g., vendor-managed inventory,
                           vendor-owned inventory, consignment stock).
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Meet standard service level for all customers:
                           
                        Inventory policy ensures all customers receive the same
                           standard service level related to inventory
                           availability.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Meet tiered customer requirements:
                           
                        Rank customers by value to the organization and set
                           inventory policy so higher tiers have higher inventory
                           availability than lower tiers.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Maximize inventory profitability:
                           
                        Set inventory policy to prioritize inventory holding in
                           locations where customers are willing to pay the most for
                           the inventory type.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Meet inventory budget constraints:
                           
                        Set inventory policy based on minimizing inventory with
                           low profit or low importance to customers and holding more
                           high profit or high importance inventory.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Maximize transformation economies of scale:
                           
                        Enable longer production runs for economies of scale by
                           ensuring inventory policy allows for lot-size raw material
                           ordering and increased finished goods holding.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Maximize transportation capacity utilization:
                           
                        For inbound logistics, order in TL or CL or otherwise
                           maximize payload utilization. For outbound logistics, set
                           inventory policy related to unit loads to ensure TL or CL
                           loads are the most economical to order and that the most
                           inventory can be stuffed in trailers before they cube out
                           or weigh out. Consider collaborating to improve combined
                           container and weight fill percentage as P&G did with
                           Tupperware (P&G was weighing out, Tupperware was
                           cubing out), moving from 55 to 85 percent, saving 17
                           percent in total lane costs.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Liquidate inactive inventories:
                           
                        Establish limits on inactive inventory holding periods
                           that trigger liquidation efforts such as sale prices, sale
                           of lot to third-party liquidator, etc.
                        

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Understand the Role of Technology in Inventory
            Management

         
         
         
         
            
            
            Here we discuss how investments in inventory management technology along with related
               process improvements can be part of an organization’s digital transformation
               initiative. Digital transformation, or Industry 4.0, refers to advancing the
               organization’s supply chain maturity level to embrace the digital age. Such
               large-scale initiatives can help optimize inventory management. Key technology
               solutions discussed here include inventory management systems, robotics, the
               internet of things, barcodes, and radio-frequency identification (RFID).

            
            

         
         
         
         
         
            
            
            Digital Transformation for Better Inventory Management

            
            
            
            
               
               
               After introducing the concept of a digital transformation of the supply chain, we
                  discuss some key technologies organizations can incorporate or improve to better
                  manage inventory: the internet of things (IOT), inventory management systems, and
                  robotics.

               
               
               
               
                  
                  Digital Transformation

                  
                  
                  
                  
                  Digital transformation or Industry 4.0 refers to organizations using large
                     initiatives to move their supply chain into the digital age, or in other words,
                     to enable a high level of supply chain maturity. Organizations do this in part
                     by embracing and integrating a number of technologies, and in part by making
                     improvements in the organization’s capabilities through process changes and
                     change readiness. Examples of major improvements include creating control towers
                     to centrally manage logistics and provide real-time visibility of inventory at
                     multiple locations. Other examples include automating ordering, adding real-time
                     forecasting and analytics tools, using digital twins that create an online
                     identity for each physical asset for better life cycle management of assets and
                     inventory, or incorporating systems that leverage AI (e.g., for exception
                     monitoring or demand forecasting). Control towers in particular can be used to
                     gather and format data from multiple unrelated internal and partner network
                     systems, including data from the internet of things (IOT).

                  
                  
               
               
               
               
                  
                  Internet of Things (IOT)

                  
                  
                  
                  
                  The internet of things (IOT) refers to sensors that can report on their own
                     status and can be integrated into vehicles, payload bays, warehouse systems,
                     reusable shipping racking, and many other assets. The sensors might track
                     location, temperature, carbon emissions, light, and so on. IOT has potential to
                     greatly improve inventory accuracy and lower inventory carrying costs by
                     increasing the automation of inventory transactions. However, IOT requires
                     technology integration as encompassed by smart logistics to transform data from
                     these devices into actionable information. 

                  
                  
               
               
               
               
                  
                  Inventory Management Systems (IMS)

                  
                  
                  
                  
                  Inventory management systems (IMS) may be part of an ERP system or another
                     source. Investing in modern inventory management software should enable the
                     following capabilities:

                  
                  
                  
                  
                     
                     	
                        
                        
                        
                           
                              Integrate:
                              
                           Feature
                              or integrate with demand forecasting and purchasing functions to
                              better match inventory supply with actual demand and with warehouse
                              management functions to optimize the inventory carrying cost versus
                              desired customer service levels and to increase inventory throughput
                              (i.e., faster inventory turnover levels that convert investments
                              into inventory into cash returns more often during a period).
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Control:
                              
                           Incorporate centralized control and local control to the degree
                              desired such as by incorporating centralized inventory policies
                              while allowing users to arrive at optimal decisions that still
                              comply with policies.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Visualize:
                              
                           Provide
                              user-friendly visibility and analysis tools to enable better
                              inventory decision making by field agents or buyers and better
                              control by superiors such as featuring dashboards that indicate
                              daily average inventory levels, in-stock performance, levels of
                              safety stock, overstocks, and lead times along with goals or
                              constraints (e.g., should be able to show that inventory management
                              decisions are reducing average inventory levels without harming
                              in-stock performance).
                           

                        
                        

                     

                  
                  
                  
                  Since avoiding inventory overstocks depends so heavily on good forecasting for
                     many organizations, the cutting edge of technology for inventory management
                     features AI-enabled forecasting to increase forecasting reliability, gain
                     insights, or preposition inventory.

                  
                  
               
               
               
               
                  
                  Robotics

                  
                  
                  
                  
                  Robotics are an example of how to reduce inventory management costs by reducing
                     labor costs. As with any form of capital investment, the additional fixed costs
                     must be absorbed by sufficient transaction volumes. For example, a fixed
                     position industrial robot can be used at a workstation to load individual cases
                     on a pallet or do similar repetitive work. It should reduce handling time,
                     product damage, and, for heavier items, worker fatigue or injuries. Similarly,
                     part-to-picker robots bring shelves for picking to the pickers to save
                     considerable worker steps and time. At the far end of the automation spectrum,
                     automated storage and retrieval warehouses are both highly automated and require
                     a high capital expenditure. Such technologies can reduce inventory carrying
                     costs.

                  
                  
                  
                  The essential part to understand about robotics for inventory management is that
                     they shift the expense profile for the inventory carrying cost away from
                     variable costs of labor and toward fixed expenses both for the equipment and for
                     the related information systems such as warehouse management systems, which
                     become much more necessary when automation or robots are used. 

                  
                  
               
               

            
            

         
         
         
         
            
            
            Barcoding/RFID

            
            
            
            
               
               
               Many inventory labels use automatic identification and data
                  capture. According to the ASCM Supply Chain
                     Dictionary,
                  automatic identification and data capture (AIDC)
                  includes

               
               
               
               
                  
                  technologies that collect data about objects and then
                     send the data to a computer without human intervention. Examples include radio
                     frequency wireless devices and terminals, barcode scanners, and smart cards.

                  

               
               
               
               Similarly, an automatic
                     identification system (AIS) is defined in the ASCM Supply Chain Dictionary as

               
               
               
               
                  
                  a system that can use various means, including
                     barcode scanning and radio frequencies, to sense and load data in a
                     computer.

                  

               
               
               
               AIDC applications and AIS typically fall into one
                  of a few categories: identification and validation at the source, tracking, and
                  system interfaces. The actual technologies involved, the information obtained, and
                  the purpose of collection vary widely, but barcodes and scanners and radio-frequency
                  identification (RFID) are key examples. These technologies automate the input of
                  data about inventory transformations and movements so that the related inventory and
                  warehouse management systems can integrate with each other and other systems,
                  control inventory levels and transactions without human intervention (other than
                  exceptions), and visualize information on inventory for better management decision
                  making.

               
               
               
               
                  
                  Barcodes and Scanners

                  
                  
                  
                  
                  Product information can be represented on a
                     label in the form of a barcode. A barcode is a machine-readable code that
                     identifies, at minimum, the product manufacturer and SKU. Some types of barcodes
                     may contain lot and batch information and/or a serial number in addition to the
                     manufacturer and product information. Barcodes assist in correct identification
                     of products and also operators/staff, inventory locations such as store shelves,
                     pallets, and pallet racks. Barcode labels are very inexpensive to print and this
                     is a key advantage of using barcodes over other automatic identification
                     solutions.

                  
                  
                  
                  Components of a barcode system include

                  
                  
                  
                  
                     
                     	
                        
                        
                        Barcode printers

                        
                        

                     
                     
                     	
                        
                        
                        Barcode labels

                        
                        

                     
                     
                     	
                        
                        
                        Barcode readers (hand held, wearable,
                           or stationary) that increase accuracy (no manual data entry) and improve
                           productivity (warehouse worker gets new instructions with no side
                           trip)

                        
                        

                     
                     
                     	
                        
                        
                        Links between the barcode readers and
                           an application (ERP system, inventory management system, transportation
                           management system, warehouse management system, or point-of-sale
                           capture)

                        
                        

                     
                     
                     	
                        
                        
                        Software applications to process the
                           data collected. Some information systems provide the user with a
                           photograph of the product being scanned for visual verification, which
                           greatly improves accuracy.

                        
                        

                     

                  
                  
                  
                  Exhibit 5-8 shows a typical barcode
                     label.

                  
                  
                  
                  
                     Exhibit 5-8: Traditional Barcode Label[image: A diagram illustrating the components of a barcode label. The image shows a sequence of black bars and white spaces. The barcode is divided into labeled sections: “Start character” (marked with an asterisk), “Character A,” and “Stop character” (also marked with an asterisk). Additional labels include “Black bars” and “White spaces” identifying the elements that make up the barcode, and “Gap between characters” indicating the space separating the different characters within the barcode.]
                  
                  
                  
                  
                  Barcode labels may list data in a format of
                     bars with intervening spaces of varying thickness. Each group of black bars and
                     white spaces represents a character (letter or number). Exhibit 5-8 shows that a 1D
                     (one dimensional) barcode such as this needs to include start and stop
                     characters that tell the scanner which direction it is reading from.

                  
                  
                  
                  
                     
                     
                     Barcode Standards

                     
                     
                     
                     A
                        common barcode standard is the Universal Product Code (UPC), one type of
                        which is shown in Exhibit 5-9, representing the number 123456789012. A 12-digit number is
                        the maximum information for this type, which is an important consideration
                        when determining the type of barcode to use since it will impact what
                        information can be provided to the information systems about the
                        product.

                     
                     
                     
                     
                        Exhibit 5-9: UPC Barcode (Type: UPC-A)[image: A barcode with black vertical bars and white spaces. Below the barcode, the numbers “123456789104” are displayed, corresponding to the encoded information within the barcode. The numbers are evenly spaced, with “1” on the far left and “4” on the far right, representing the complete numerical sequence encoded by the barcode.]
                     
                     
                     
                     
                     A UPC code typically does not identify
                        products by their serial number or other unique identifier. It is heavily
                        used in retail sales for checkout at cash registers. However, there are a
                        large number of barcode standards, many of which do support identification
                        down to a unique identifier. Some may use the 12-digit UPC code as the
                        unique identifier.

                     
                     
                     
                     
                     Another example of a 1D barcode format is the GS1 DataBar, which may split a
                        longer barcode into up to three layers of barcodes to enable the barcode to
                        be printed on very small labels. They are widely used in retail and are
                        popular for perishable food labeling. GS1 DataBar codes can include item
                        weight, batch number, and expiration date. There is a method of separating
                        the layers for omnidirectional read orientation. The expanded stacked
                        version of this type of barcode enables 74 numeric digits or 41 alphanumeric
                        digits.

                     
                     
                     
                     Another
                        type of barcode is the 2D barcode. This barcode can be scanned by mobile
                        devices for automatic redirection to mobile-friendly websites. This type of
                        barcode includes standards such as QR (for quick response). Exhibit 5-10 shows an
                        example of a QR code. The chief advantage of such a code is that it stores
                        data both horizontally and vertically rather than just in one direction, so
                        more data can be stored in a small space. Therefore, 2D barcodes are a type
                        of barcode that can be used to identify an item by its serial number.

                     
                     
                     
                     
                        Exhibit 5-10: 2D Barcode (Type: QR Code)[image: A black and white QR code consisting of a pattern of square black dots on a white background. The code features three larger squares in the top left, top right, and bottom left corners, which are part of the code’s alignment markers.]
                     
                     
                     
                     
                     Barcodes are not smart tags. They are
                        simply a hard-coded number or alphanumeric information that identifies a
                        product SKU, a website, or other information. When the type of barcode used
                        does not identify a product down to its serial number, this can be an issue
                        for product defects and quality assurance, especially for medicine and
                        packaged foods. In some cases, one or more additional barcode blocks (not
                        using UPC coding) carry the serial number, lot number, or other scannable
                        data. In other cases, a single barcode (e.g., a 2D code) contains the
                        manufacturer, SKU, and serial number.

                     
                     
                     
                     Due to the limitations of 1D barcodes, an industry initiative has set a goal
                        for all POS scanners to be able to accept 2D barcodes by 2027. GS1 is
                        helping to make this initiative, called Sunrise 2027, become a reality.
                        This will help not only product sellers with their tracking, but consumers
                        will be able to get more product information on demand too. For example, in
                        a GS1 US article titled, “Get Ready for GS1 Sunrise 2027,” a cited survey
                        indicated that 62 percent of consumers are willing to spend more money on a
                        product that has detailed product information.

                     
                     
                  
                  
                  
                     
                     
                     Readers and Batch or Real-Time Processing

                     
                     
                     
                     Large industrial scanners can read barcodes
                        in a wide viewing field for high-speed sorting. Once the barcode is scanned,
                        the unique identifier can be run through the related information system to
                        link to and retrieve an abundance of data—SKU, date made, location in a
                        warehouse, ERP system part number identifier, and more. Most readers are
                        designed to read multiple barcode formats.

                     
                     
                     
                     Barcode data is often downloaded and
                        processed in batches. According to the ASCM
                           Supply Chain Dictionary,
                        batch processing as it relates to
                        computer processing is “a computer technique in which transactions are
                        accumulated and processed together or in a lot.” Batch processing is low
                        cost. Real-time systems include better data on availability for
                        salespersons, on-the-fly correction of operator errors, and the ability to
                        add or change tasks during a job.

                     
                     
                  
                  
                  
                     
                     
                     Barcode Read Errors

                     
                     
                     
                     Barcode read errors can result in packages
                        not being received, picked, put away, or loaded according to the information
                        system. Handheld readers are designed to reduce errors by signaling the user
                        when a barcode has been successfully read, but user training is still an
                        important error prevention measure. Checks can also be built into processes.
                        For example, most organizations use multiple readers from different angles
                        so packages passing on conveyor belts can be quickly read with minimal risk
                        of errors. As orders are sorted and batched, items are scanned again.
                        Barcode labels that have gotten dirty or are misplaced on the packaging will
                        not be read correctly and might have to be replaced by new copies so the
                        information can be retained.

                     
                     
                  
               
               
               
               
                  
                  Radio Frequency Identification

                  
                  
                  
                  
                  Radio frequency identification (RFID), as defined in the ASCM Supply Chain Dictionary, is

                  
                  
                  
                  
                     
                     a system using electronic tags to store
                        data about items. Accessing or retrieving this data is accomplished through
                        a specific radio frequency and does not require close proximity or
                        line-of-sight access.

                     

                  
                  
                  
                  RFID tags may be used to identify and
                     locate units—primarily at the case and/or pallet level due to cost issues. While
                     RFID has experienced a lull in adoption since its inception, primarily due to
                     the higher cost of the tags relative to printing barcode labels, this technology
                     has experienced a resurgence as an enabler of omni-channel retailing, such as to
                     support store fulfillment. For example, omnichannel fulfillment centers that use
                     pouch sorters (goods are stored and moved to the picker using an automated
                     system of pouches on a rail system) have an RFID tag on each pouch to ensure
                     accuracy of inventory and inventory movements. Macy’s and Target use it for
                     their buy online, pickup in store option to help associates find the exact item
                     ordered. Other use cases include Delta airlines tagging baggage for flights,
                     Pfizer using them to track drugs and deter counterfeits, or iGPS making light
                     plastic pallets with embedded RFID chips. 

                  
                  
                  
                  The electronic tags are smart chips whose
                     signals are automatically picked up by readers/interrogators. Readers can be
                     combined with cellular/global positioning devices for in-transit updates.
                     Information on RFID tags is robust, such as providing a unique serial number for
                     a product. Associated data are also stored on the internet. Data capture is
                     entirely automatic, and tags can be read even when the item is under other
                     packages. Handheld readers or reading stations in a warehouse automatically
                     gather all product data, including serial numbers and counts of SKUs.

                  
                  
                  
                  A significant feature of RFID tags is that the
                     information on the tag can be altered from a distance, unlike barcodes.
                     Applications for logistics include updating the tag with a current location to
                     provide a pharmaceutical drug chain of custody or dynamically changing the
                     description of an item as value is added during manufacturing.

                  
                  
                  
                  
                     
                     
                     Electronic Product Codes
                           (EPCs)

                     
                     
                     
                     EPCglobal’s electronic product code (EPC)
                        is the most widely accepted set of standards for RFID tag data and has been
                        mandated by numerous retailers. EPCglobal’s EPC Generation 2 (Gen 2)
                        interface protocols are recognized as the ISO 18000-6 class of standards.
                        The ASCM Supply Chain Dictionary defines
                        electronic product codes (EPCs) as
                        “codes that are used with radio frequency identification tags to carry
                        information about the product that will support warranty programs.” The
                        item’s creation location, distribution points, and point-of-sale can be
                        known down to the specific cash register and salesperson.

                     
                     
                  
                  
                  
                     
                     
                     EPCglobal
                           Network

                     
                     
                     
                     The EPCglobal Network is a standards-based
                        method of locating and verifying EPC codes. It creates an intelligent value
                        chain for products. Trading partners use the web-based EPCglobal Network to
                        locate EPC codes and view the manufacturer’s secure item website for
                        additional product data.

                     
                     
                     
                     EPCglobal tag data standards add security
                        against counterfeiting RFID tags. For example, drug companies can use the
                        network to track their products through the supply chain and guarantee that
                        nothing was illicitly introduced, guard against counterfeits, and issue
                        targeted product recalls. Only the EPCglobal’s object naming service can
                        issue tag headers. The product identifier is checked against this online
                        registry.

                     
                     
                  
                  
                  
                     
                     
                     EPC Tags, Readers, and
                           Printers

                     
                     
                     
                     An RFID tag is a tiny microchip with an
                        antenna. Simple and cheap tags are used to record an EPC, while more
                        sophisticated tags are used as mobile databases. Some tags are for single
                        use only, while other tags can be updated and reused. Tag types include
                        active, passive, and semipassive. The following definitions of the tag types
                        are from the ASCM Supply Chain
                           Dictionary.

                     
                     
                     
                     
                        
                        	
                           
                           
                           An active tag is “a radio frequency
                              identification tag that broadcasts information and contains its own
                              power source.” Such tags can transmit data to a reader at long
                              ranges and are the most expensive type. They are often used to tag
                              containers or pallets. Active tags include a battery and thus have a
                              shorter usable life span.

                           
                           

                        
                        
                        	
                           
                           
                           A passive tag is “a radio frequency
                              identification tag that does not send out data and is not
                              self-powered” meaning radio frequency energy from the reader
                              temporarily powers the tag. Passive tags can transmit data at short
                              range and are cheap if purchased in bulk. Readers must typically be
                              installed at gateway entry and exit points, on equipment such as a
                              forklift, or be handheld.

                           
                           

                        
                        
                        	
                           
                           
                           A semipassive tag is “a radio
                              frequency identification tag that sends out data, is self-powered,
                              and widens its range by harnessing power from the reader.”

                           
                           

                        

                     
                     
                     
                     Companies often combine active and passive
                        tags—for example, by placing active tags on high-value assets and whole
                        containers and passive tags on unit loads or cartons.

                     
                     
                     
                     The advantages of RFID technology are very
                        rapid and accurate data acquisition and communication into the
                        organization’s data network and less reliance on humans (meaning less
                        labor). The disadvantages are the cost of tags and printers and tag printer
                        reliability and throughput. Labor is not entirely eliminated: some human
                        intervention is needed to verify that the tags have been read, raising the
                        cost of the system and reducing efficiency.

                     
                     
                  
                  
                  
                     
                     
                     RFID Tag Read Errors

                     
                     
                     
                     RFID tags might not be read successfully
                        due to interference, a distorted radio signal, which may be caused by
                        factors such as antenna size, reader power level, frequency used, and other
                        radio frequency emissions (e.g., machinery white noise). Some liquids absorb
                        reader/tag signals, and some metals reflect signals. While reading single
                        cases on a conveyor is very reliable, reading multiple boxes on a pallet is
                        not foolproof.

                     
                     
                     
                     Common adjustments to improve read rates
                        include

                     
                     
                     
                     
                        
                        	
                           
                           
                           Placing readers in locations with
                              less interference

                           
                           

                        
                        
                        	
                           
                           
                           Placing a buffer or shield between
                              the tag and the interfering object

                           
                           

                        
                        
                        	
                           
                           
                           Adjusting the position and angle of
                              the RFID antennae on readers

                           
                           

                        
                        
                        	
                           
                           
                           Changing reader or tag
                              type/manufacturer to suit the facility or product

                           
                           

                        
                        
                        	
                           
                           
                           Regular maintenance and
                              testing.

                           
                           

                        

                     
                     
                     
                     Sometimes processes may have to be
                        redesigned. For example, a major airline found that it could increase the
                        accuracy of luggage read rates to more than 90 percent, but it would need to
                        change how its operators loaded baggage into the metal luggage carts to get
                        that accuracy level.

                     
                     
                  
                  
                  
                     
                     
                     Implementing RFID

                     
                     
                     
                     A full implementation requires cost
                        justification. The costs associated with RFID can be difficult to estimate
                        because they include not just individual RFID tag costs but also
                        infrastructure changes. Therefore, a limited project may be the best way to
                        implement RFID, such as where items need careful tracking.

                     
                     
                     
                     
                     The business case should drive RFID
                        selection. Target a supply chain process that has sufficient room for
                        improvement and would provide a strategic advantage, such as collaborative
                        product life cycle management, continuous demand management, stockout
                        reduction, asset management, fulfillment/distribution, aftermarket sales, or
                        counterfeiting or theft deterrence.

                     
                     
                     
                     Finally, before implementing RFID,
                        companies should be at a high stage of logistics maturity. Implementations
                        at lower stages will lead to an inability to use the gathered information
                        (all the cost and none of the benefits).

                     
                     
                  
               
               

            
            

         
         
   
      
         
         
         
         Understand the Costs of
            Inventory

         
         
         
         
            
            
            Here we look at inventory costs and three basic categories of such
               costs: acquisition, carrying, and stockout costs.

            
            

         
         
         
         
         
            
            
            Inventory Costs and Categories

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary
                  defines inventory costs simply as the “costs associated
                  with ordering and holding inventory.” Effective inventory management seeks to decrease
                  costs
                  associated with inventory while increasing the service level.

               
               
               
               Inventory costs are used to set inventory and customer
                  service levels and to design the supply chain. They are (or should be) included in
                  a
                  product’s pricing and therefore directly affect competitiveness. Inventory costs also
                  directly affect a business’s financial performance metrics.

               
               
               
               A clear understanding of these costs is a prerequisite to
                  creating the inventory management strategy. There are three basic categories of inventory
                  costs that must be considered. These categories are a blend of variable costs (related
                  to
                  the volume of sales or production) and fixed costs (independent of changes in business
                  activity). Exhibit 5-11 shows these categories of costs and category components. Note that different
                  authors may categorize inventory costs differently and associate costs to different
                  headings.

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 5-11: Inventory Costs
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                                             Overhead
                                                costs
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                                       Immediate loss of
                                          revenue
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                                          relations
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                                          reputation

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Lost future
                                          revenue

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               

            
            

         
         
         
         
            
            
            Acquisition Costs

            
            
            
            
               
               
               Costs associated with acquiring
                  inventory include unit costs of materials as well as costs for necessary processes,
                  such as
                  ordering, handling, and setup. The price paid for inventory is a variable cost—i.e.,
                  the
                  cost varies with production and sales levels and the amount of inventory forecast
                  to meet
                  needs. The cost of staff involved in purchasing is a fixed cost.

               
               
               
               
                  
                  Unit Cost

                  
                  
                  Unit cost is defined in the ASCM Supply Chain Dictionary as “total labor, material,
                     and overhead cost for one unit of production.” It is the price the customer pays to
                     assume
                     ownership of the inventory. For the supplier, the unit cost must cover

                  
                  
                  
                     
                     	
                        
                        Material

                        

                     
                     
                     	
                        
                        Labor to produce the
                           items

                        

                     
                     
                     	
                        
                        Overhead (e.g., facility
                           costs; described below)

                        

                     
                     
                     	
                        
                        Packaging (Packaging costs
                           are often driven by product characteristics.)

                        

                     
                     
                     	
                        
                        Inbound
                           transportation.

                        

                     

                  
                  
                  In an inventory cost analysis that includes unit
                     cost, the unit measure must be defined. This unitization usually reflects the way
                     an item
                     is stocked—by truckload, pallet, case, or item. The unit cost may be affected by the
                     volume of the purchase (an economy of scale). In other words, the unit cost for a
                     pallet
                     of flour will vary depending on the number of pallets ordered.

                  
                  
                  
                     
                     Overhead Costs

                     
                     
                     Overhead costs are the costs incurred in the operation of a business
                        that cannot be directly related to the individual goods or services produced.

                     
                     
                     For example, a chemical manufacturer must pay for the
                        following:

                     
                     
                     
                        
                        	
                           
                           Labor contributed by

                           
                           
                           
                              
                              	
                                 
                                 Managers and staff who
                                    receive and process external orders, create shipping orders and invoices, and
                                    monitor delivery and payment

                                 

                              
                              
                              	
                                 
                                 Personnel who receive
                                    and distribute supplies internally and those who package and ship products to
                                    customers

                                 

                              
                              
                              	
                                 
                                 IT staff who support
                                    systems used in these processes

                                 

                              

                           

                        
                        
                        	
                           
                           Periodic safety training
                              costs as well as the cost of personal safety devices and clothing

                           

                        
                        
                        	
                           
                           Parts and supplies used to
                              package goods for shipment, including special containers for trucks

                           

                        
                        
                        	
                           
                           Disposal costs for parts
                              that must be segregated from the normal waste stream

                           

                        
                        
                        	
                           
                           Labor, parts, supplies, and
                              waste associated with shifting from production of one chemical to another to fulfill
                              an inventory order (e.g., removing residual chemicals in equipment and cleaning and
                              recalibrating equipment, disposal of materials, cleaning supplies). Downtime or lost
                              productivity is also included as a cost.

                           

                        

                     
                     
                     Note that this is a broad list of
                        things that might be considered part of overhead costs; they may also be considered
                        setup costs for some types of strategic-level analyses. For example, in some cost
                        analyses, items on this list would be limited to just the direct costs associated
                        with
                        switching production from one type of product to another.

                     
                  
               
               
               
               
                  
                  Ordering Cost

                  
                  
                  Ordering cost is defined in the ASCM Supply Chain
                        Dictionary as

                  
                  
                  
                     
                     the
                        costs that increase as the number of orders placed increases. Ordering cost is used
                        in
                        calculating order quantities and includes costs related to the clerical work of
                        preparing, releasing, monitoring, and receiving orders; the physical handling of goods;
                        inspections; and setup costs, as applicable.

                     

                  
                  
                  Ordering cost is a key factor in calculating the size and frequency of
                     orders. Embedded in ordering cost are setup costs.

                  
                  
                  
                     
                     Setup Costs

                     
                     
                     Setup costs are incurred during the process of preparing a production line to create
                        product. Setup costs are defined in the ASCM Supply Chain Dictionary as

                     
                     
                     
                        
                        costs such as scrap costs, calibration costs,
                           downtime costs, and lost sales associated with preparing the resource for the next
                           product.

                        

                     
                     
                     Setup costs may also be referred
                        to as changeover or turnaround costs.

                     
                  
               
               
               
               
                  
                  Handling Cost

                  
                  
                  Handling cost is defined in the ASCM Supply Chain Dictionary
                     as

                  
                  
                  
                     
                     the cost involved in
                        the movement of material. In some cases, the handling cost depends on the size of
                        the
                        inventory.

                     

                  
                  
                  This may include a share of
                     capital costs for purchasing handling equipment (e.g., forklifts, tools and equipment
                     needed for handling hazardous materials), labor (e.g., transporting goods to or from
                     the
                     warehouse, inspecting ingoing and outgoing shipments for completeness or damage),
                     or
                     packaging for transportation (e.g., materials required to protect goods, special needs
                     such as refrigerated packaging).

                  
               
               

            
            

         
         
         
         
            
            
            Carrying (Holding) Costs

            
            
            
            
               
               
               Carrying cost, or holding cost, is defined in the ASCM Supply Chain Dictionary 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.

                  

               
               
               
               Carrying cost comprises the varied costs a business
                  assumes once inventory has been purchased, including the critical cost of storing
                  materials
                  and goods. This is the most complex category of inventory costs and the most likely
                  to be
                  underestimated. The factors included in inventory carrying costs can vary, depending
                  on the
                  organization. In some situations, carrying costs may be fixed, such as indirect warehouse
                  staff or lease or ownership costs for warehouse space. Other carrying costs are variable,
                  such as insurance, which will be tied to the volume of inventory acquired.

               
               
               
               Components of carrying cost generally include the
                  following:

               
               
               
               
                  
                  
                  	
                     
                     
                     Capital cost includes both the cost of financing (borrowing to purchase
                        inventory) and opportunity costs. Opportunity costs reflect the difference in potential
                        gains between using capital to purchase inventory and using it for another purpose,
                        such
                        as purchasing assets, investing, or retiring debt. Organizations use different metrics
                        to analyze purchasing/investment decisions. A return on investment (ROI) analysis
                        examines the ratio of the anticipated net gain of an investment (gain minus cost)
                        to the
                        total cost of the investment, as seen in the following formula:

                     
                     
                     
                     
                        
[image: ../images/5a-4_3_-_carrying_holding_costs_01_id179P9100W5Z_mathml_74_width_530.png]

                        

                     
                     
                     
                     Organizations often have
                        a rate that proposed investments must meet or exceed—for example, a return of 12 percent
                        annually. This rate may be a hurdle rate or a weighted average cost of capital (WACC).
                        A
                        hurdle rate looks forward toward an anticipated return; WACC reflects historic
                        performance and helps gauge the opportunity costs associated with an
                        investment.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Storage costs that vary directly in
                        proportion to the amount of inventory held, such as costs for the storage space,
                        materials handling, and record keeping, are part of carrying cost. (Note that materials
                        handling related to filling orders is part of ordering cost; here we are referring
                        to
                        materials handling unrelated to specific orders.) These variable costs can include
                        an
                        allocated portion of a warehouse’s variable costs based on the space used, such as
                        costs
                        for utilities, staffing, facility and equipment maintenance, and security. Fixed
                        warehouse costs may or not be included in carrying costs; these can include the cost
                        of
                        owned buildings or equipment or fixed fees for leases or contracts that do not vary
                        with
                        the amount of inventory held. Whether they are included depends on whether the
                        organization uses public or private warehousing and whether it allocates all costs
                        to
                        products based on activity levels.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Insurance offsets risk. Carrying inventory involves the risk that the value of
                        the inventory will decrease, for various reasons, before the inventory can be sold.
                        These reasons include

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Loss from theft or
                              damage

                           
                           

                        
                        
                        
                        	
                           
                           
                           Spoilage (e.g., products
                              past their “sell by” dates)

                           
                           

                        
                        
                        
                        	
                           
                           
                           Obsolescence of products
                              that prevents future monetization (e.g., digital devices whose appeal has been
                              eclipsed because of recently introduced technology)

                           
                           

                        
                        
                        
                        	
                           
                           
                           Hazards (e.g., chemical
                              spills or fire).

                           
                           

                        
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Taxes may need to be paid on
                        inventory in some cases. Inventory taxes are rare in most countries; only a few U.S.
                        states tax inventory.

                     
                     

                  
                  
                  
                  	
                     
                     
                     In-transit
                           costs are included in the total cost of inventory ownership and are associated
                        with moving inventory through the supply chain. Inventory value is considered on an
                        annual basis, so the daily value of inventory in transit is equal to the annual value
                        of
                        in-transit inventory divided by 365. When inventory is in transit, it is considered
                        pipeline stock.

                     
                     
                     
                     If an organization is transferring inventory
                        within its own supply chain, it will incur all of the costs associated with
                        transportation. For instance, a car manufacturer that assembles transmissions in one
                        plant and ships them for final assembly in another plant is responsible for all
                        associated costs. However, when a product is being sold from one organization to
                        another, determination of who incurs the associated carrying costs depends on where
                        transfer of ownership occurs in the transportation chain. For example, an organization
                        that takes ownership of a product when it arrives at its warehouse is not responsible
                        for costs associated with risk to the product while in transit (i.e., damage or theft).
                        If the organization takes possession of the product prior to shipment, it would be
                        responsible for costs associated with risk to the product while in transit. Other
                        factors such as carrier and route selection, time in transit, and duties when shipping
                        internationally determine the cost of transporting inventory.

                     
                     

                  
                  

               
               
               
               
                  
                  Calculating Carrying
                     Cost

                  
                  
                  Carrying cost represents a considerable
                     portion of the cost associated with inventory. Decreases in carrying costs directly
                     benefit profit levels. Logistics planners must therefore know their carrying costs
                     so they
                     can provide this information to the business’s financial managers, control costs,
                     find
                     opportunities to decrease carrying cost components, and analyze investments that may
                     lower
                     carrying costs.

                  
                  
                  Carrying cost is frequently
                     indicated as a percentage of the value of inventory, usually calculated as an annual
                     cost.
                     First, a value is assigned to inventory using accepted accounting principles. Value
                     may be
                     defined as the cost of goods sold or the costs of production. Next, the individual
                     components of carrying cost are determined. This must be done carefully to capture
                     all
                     costs accurately. Finally, the individual costs are totaled, and the result is divided
                     by
                     the value of the inventory.

                  
                  
                  Exhibit 5-12 lists
                     averages for carrying costs.

                  
                  
                  
                     
                     
                     
                        
                        
                           
                           Exhibit 5-12: Carrying Costs
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    Element

                                    
                                 
                                 
                                 	
                                    
                                    Average Range (%)

                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    Capital cost

                                    
                                 
                                 
                                 	
                                    
                                    4–40

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Storage

                                    
                                 
                                 
                                 	
                                    
                                    0–4

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Insurance costs

                                    
                                 
                                 
                                 	
                                    
                                    0–2

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Obsolescence

                                    
                                 
                                 
                                 	
                                    
                                    .5–2

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Taxes (if applicable)

                                    
                                 
                                 
                                 	
                                    
                                    .5–2

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Totals

                                    
                                 
                                 
                                 	
                                    
                                    5–50

                                    
                                 

                              
                           

                        

                     
                     
                     
                     Source: Donald J.
                           Bowersox, Supply Chain Logistics
                              Management

                     

                  
                  Note that insurance
                     and obsolescence are both examples of costs associated with risk, but they are not
                     the
                     only components of such costs. Taxes may not be applicable in many locations. The
                     wide
                     ranges cited in the figure reflect variations by industries and products. For example,
                     capital cost is related to the profit the business aims at capturing through sales
                     of
                     inventory. A business with high-value and short-lived products will have higher capital
                     costs. Businesses specializing in distributing fresh produce will see higher storage
                     costs
                     because of the need for refrigeration. Businesses holding valuable inventory, such
                     as
                     luxury cars or electronics, will have higher insurance costs. However, in most cases,
                     tradeoffs will result in some costs being lower while others are higher.

                  
               
               

            
            

         
         
         
         
            
            
            Stockout Costs

            
            
            
            
               
               
               The final category of inventory costs is
                  stockout costs, which occur when a product is unavailable to a customer. Stockout
                  costs can
                  be considerable and difficult to quantify because they relate directly to inventory’s
                  primary purpose of providing service. Each business defines the level of service it
                  is
                  aiming for, and this decision may be affected by the business’s relationship with
                  its
                  customers (which may be shaped by the business’s mission and values), the potential
                  costs of
                  backorders, and the competitive environment.

               
               
               
               The ASCM Supply Chain Dictionary
                  notes that stockout costs may include “lost sales,
                  backorder costs, expediting, and additional manufacturing and purchasing costs.”

               
               
               
               When faced with product unavailability, customers can
                  cancel the order, or they may accept the situation and choose to wait. If the customer
                  chooses to wait, the business must create a backorder, track it, and possibly expedite
                  fulfillment. The ASCM Supply Chain Dictionary defines backorder as

               
               
               
               
                  
                  an unfilled customer order or
                     commitment. A backorder is an immediate (or past due) demand against an item whose
                     inventory is insufficient to satisfy the demand.

                  

               
               
               
               The ASCM Supply Chain Dictionary defines
                  expedite as

               
               
               
               
                  
                  1) To rush or chase production or
                     purchase orders that are needed in less than the normal lead time. 2) To take
                     extraordinary action because of an increase in relative priority.

                  

               
               
               
               Expediting an order means additional ordering costs
                  associated with expediting fees for ordering and higher rates charged for handling.

               
               
               
               If the business is committed to a high level of service,
                  it will expedite orders from suppliers, who will assess special fees to cover their
                  own
                  additional costs of producing items. For example, a manufacturer may have to run production
                  lines overtime, increasing labor costs, or change over lines to produce a then backordered
                  item, increasing setup costs. Transportation costs may increase as well, since more
                  rapid
                  (e.g., air versus road) or less economical (e.g., partial load versus full load) options
                  may
                  have to be used.

               
               
               
               If the customer cancels an order, the immediate result is
                  lost revenue, but the true stockout cost can be much higher.

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Relationship:
                           
                        The first cost is an
                           erosion of the customer relationship. A strong customer relationship is valuable to
                           businesses because these customers are less likely to leave and therefore require
                           less
                           promotion to retain. A weakened relationship immediately affects the cost of
                           sales.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Reliability:
                           
                        The second impact will
                           probably be to the business’s reputation for reliability. A reputation for unreliable
                           service is a weight that companies trying to build their sales cannot support.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Alternatives:
                           
                        Many customers need the
                           item when they expected it and cannot wait. They then find alternatives. One
                           alternative is simply to do without the item; the other is to fill their need through
                           a competitor. If the customer finds this new relationship positive, then the original
                           business has probably lost that customer for a long time or permanently.
                        

                     
                     

                  
                  

               
               
               
               A business’s tolerance for stockouts will be an important
                  input into its inventory management decisions and strategy.

               
               

            
            

         
         
   
      
         
         
         
         Section B: Develop Inventory Strategy and Policy and Implement
            Inventory Control

         
         
         
         
            
            
            
               After completing this section, students will be able
                  to
               

            
            
            
            
               
               
               	
                  
                  
                  Describe approaches to determining the size
                     of inventory and safety stock

                  
                  

               
               
               
               	
                  
                  
                  Differentiate between fixed order quantity or
                     interval methods, continuous review, and periodic review in determining when to
                     order

                  
                  

               
               
               
               	
                  
                  
                  Describe the purpose of lean and
                     just-in-time practices and their impact on inventory management

                  
                  

               
               
               
               	
                  
                  
                  Apply the economic order quantity practice
                     to determine how much inventory to reorder

                  
                  

               
               
               
               	
                  
                  
                  Calculate the standard deviation and the
                     mean absolute deviation, and use both to determine safety stock levels

                  
                  

               
               
               
               	
                  
                  
                  Calculate the reorder point for a given
                     situation, including safety stock

                  
                  

               
               
               
               	
                  
                  
                  Describe the purpose and impact of
                     vendor-managed inventory on inventory management

                  
                  

               
               
               
               	
                  
                  
                  Explain the purpose and use of ABC analysis
                     in inventory control

                  
                  

               
               
               
               	
                  
                  
                  Describe alternatives to controlling
                     inventory (e.g., physical counts or cycle counting)

                  
                  

               
               
               
               	
                  
                  
                  List common performance metrics associated
                     with inventory management.

                  
                  

               
               

            
            
            
            In order to control inventory with the accuracy
               required for an organization to be successful, inventory managers must understand
               the
               differences between methods of inventory control, including how the organization chooses
               to handle ordering and reordering. Managing uncertainty during the process is a key
               undertaking in every organization to protect the organization from issues arising
               within
               the supply chain.

            
            
            
            Accurate deployment of inventory control methods
               and ordering processes depends on knowing how much inventory an organization has,
               how
               often it is moved, and how well the inventory control processes are working. By
               combining an understanding of inventory control processes and inventory analysis and
               management metrics, an inventory manager can ensure that the organization’s strategic
               goals for inventory are met.

            
            
            
            This section looks at

            
            
            
            
               
               
               	
                  
                  
                  Inventory control—the processes used to
                     define and maintain desired inventory levels, including determining order points,
                     quantity, and intervals

                  
                  

               
               
               
               	
                  
                  
                  ABC analysis of inventory—the application of
                     ABC principles to inventory management

                  
                  

               
               
               
               	
                  
                  
                  Inventory counting—processes used to
                     increase inventory visibility, validate current inventory levels, and maintain the
                     accuracy of counts

                  
                  

               
               
               
               	
                  
                  
                  Inventory management metrics—measuring the
                     performance delivered by the inventory management strategy and inventory
                     management team.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Determine When and How Much to Order

         
         
         
         
            
            
            Inventory control relates
               to maintaining the desired levels of items. It includes strategic
               and policy decisions that relate to customer service and financial
               goals, among other things. Following the strategic decisions, decisions
               regarding appropriate replenishment cycle length, safety stock levels,
               and when and how often to order can be made.

            
            
            
            In addition to depending
               on business strategy, maintaining desired inventory levels will
               be based on product characteristics, cost considerations, and management decisions.
               Organizations can use various techniques to achieve success when executing
               their inventory goals.

            
            
            
            Determining when to order and how much to order in each period
               are interrelated and need to be part of a cohesive system. After going over two methods
               of
               determining when to order inventory, the order point and fixed order period, we address
               how
               much inventory to order, focusing on these approaches: fixed order quantity, economic
               order
               quantity, period order quantity, lot-for-lot, target inventory level (e.g., min-max),
               just-in-time systems, and lifetime buy. As we describe each of these, related key
               terminology and concepts in inventory replenishment will be introduced, such as order
               points
               and economic order quantity.

            
            
            
            First, however, let’s briefly
               review the types of demand, since demand type affects the way in
               which inventory is controlled.

            
            

         
         
         
         
         
            
            
            Inventory Planning and Control/Demand
               Types

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary defines inventory planning as

               
               
               
               
                  
                  the
                     activities and techniques of determining the desired levels of items,
                     whether raw materials, work in process, or finished products (including
                     order quantities and safety stock levels).

                  

               
               
               
               Inventory
                     control is defined in the ASCM Supply Chain Dictionary as

               
               
               
               
                  
                  the
                     activities and techniques of maintaining the desired levels of items,
                     whether raw materials, work in process, or finished products.

                  

               
               
               
               Demand type affects
                  the way that inventory is controlled. There are two types of demand:
                  independent and dependent.

               
               
               
               
                  
                  Independent
                     Demand

                  
                  
                  Having sufficient quantity of an
                     item with independent demand is the primary concern in planning. Inventory levels
                     for
                     items with independent demand are determined primarily through demand forecasting,
                     and,
                     since forecasting may be inaccurate, planning may include greater levels of safety
                     stock
                     to account for forecast error and demand uncertainty.

                  
                  
                  Fixed order quantity and fixed order period approaches are
                     examples of methods used to control inventory items with independent demand.

                  
               
               
               
               
                  
                  Dependent
                     Demand

                  
                  
                  Dependent demand is a requirement for independent demand
                     inventory. This demand is primarily internal. There are two types of dependent demand:

                  
                  
                  
                     
                     	
                        
                        Vertical. A stock keeping
                           unit (SKU) is required for the production of another SKU. For example, the swimwear
                           manufacturer needs a certain amount of fabric.

                        

                     
                     
                     	
                        
                        Horizontal. Multiple SKUs are
                           combined to form one SKU for distribution purposes. This process
                           is called kitting, defined in the ASCM Supply Chain Dictionary as
                           “the process of constructing and staging kits.” Kitting is used
                           to create seasonal items (e.g., holiday-themed gift packages of
                           beverages and glasses) and promotional items (e.g., combining shampoo
                           and conditioner in one package).

                        

                     

                  
                  
                  
                  Dependent demand inventory is not forecast but is planned in
                     reference to the independent demand inventory, within a material requirements planning
                     (MRP) system that is capacity-constrained as is found in most modern ERP systems as
                     part
                     of a manufacturing planning and control (MPC) system. In contrast to independent demand,
                     timing is of prime importance when planning dependent demand. These items must be
                     available when they are needed in the production process. If they are not, independent
                     demand cannot be met.

                  
               
               
               
               
                  
                  Dual
                     Demand

                  
                  
                  In some cases,
                     an inventory item has both types of demand. For example, the same parts
                     may be used in manufacture (dependent demand) and in repair (independent demand).
                     The repair parts inventory will have to be forecast, perhaps using
                     the repair history for this model.

                  
               
               

            
            

         
         
         
         
            
            
            When to Order

            
            
            
            
               
               
               Calculating when to order inventory can use an order point (also called reorder point,
                  ROP)
                  or a fixed order period.

               
               
               
               
                  
                  Order or Reorder Point

                  
                  
                  
                  
                  The order point, also known as the reorder point (ROP) or trigger point,
                     is defined in the ASCM Supply Chain Dictionary as

                  
                  
                  
                  
                     
                     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.

                     

                  
                  
                  
                  Exhibit 5-13 shows the order point
                     using a fixed order quantity system as an example. Other systems discussed in this
                     general
                     content area will also have an order point.

                  
                  
                  
                  
                     Exhibit 5-13: Order Point (or Reorder Point, ROP)[image: A graph representing the concept of the Order Point (or Reorder Point, ROP) in inventory management. Go to long description for more details.]
                  Go to long description.

                  
                  
                  
                  
                  The order point combines anticipated demand and lead
                     time.
                     
                     
[image: ../images/5b-1_2_-_when_to_order_01_id179PCH00VE9_mathml_75_width_1134.png]


                     

                  
                  
                  
                  In conditions of uncertainty, safety stock can be added
                     to the calculation. Note that anticipated demand (forecasted usage) times lead time
                     (replenishment lead time) is sometimes called demand during lead time (DDLT).

                  
                  
                  
                  Demand may be established through a combination of
                     historical data and forecasts, including analysis of current trends.

                  
                  
                  
                  Lead time is a summary of the time requirements of
                     various activities, including

                  
                  
                  
                  
                     
                     	
                        
                        
                        Inventory review

                        
                        

                     
                     
                     	
                        
                        
                        Preparing and submitting orders to suppliers

                        
                        

                     
                     
                     	
                        
                        
                        Supplier review, processing, and filling of
                           orders

                        
                        

                     
                     
                     	
                        
                        
                        Transit time

                        
                        

                     
                     
                     	
                        
                        
                        Receipt, checking, and restocking time.

                        
                        

                     

                  
                  
                  
                  By tracking time spent in these activities, businesses
                     can create more accurate rubrics (or rules of thumb) and plan lead time more
                     accurately.

                  
                  
                  
                  In the simple mobile phone example used elsewhere in
                     these materials, inventory is planned for demand of 200 plastic cases a day with a
                     lead
                     time of three days.

                  
                  
                  
                  
[image: ../images/5b-1_2_-_when_to_order_02_id179P9M00HY4_mathml_76_width_1134.png]


                  
                  
                  When the inventory has declined to 600, the order will
                     be placed.

                  
                  
               
               
               
               
                  
                  Fixed Order Period Approach

                  
                  
                  
                  
                  In the fixed order period approach, inventory is
                     reviewed at predetermined intervals against target levels. If the inventory is below
                     the
                     target level, an order is placed to bring it up to the target.

                  
                  
                  
                  The ASCM Supply Chain Dictionary
                     defines the fixed order period system, also called the fixed order interval system or the
                     fixed reorder cycle inventory model, as

                  
                  
                  
                  
                     
                     a method of inventory planning that measures actual
                        inventory levels at regular intervals of time. Either an order is placed every time,
                        or
                        a check of inventory levels is made and an order placed if needed.

                     

                  
                  
                  
                  The ASCM Supply Chain Dictionary notes
                     that “often the quantity ordered varies from period to period as inventory is restored
                     to
                     a predetermined level.” Order intervals can be measured in weeks, months, or quarters.

                  
                  
                  
                  The fixed order period approach is illustrated in
                     Exhibit 5-14.
                     Note that the order intervals are fixed but the quantities ordered during each cycle
                     vary.

                  
                  
                  
                  
                     Exhibit 5-14: Fixed Order Period Approach[image: This image shows a fixed order period approach for managing inventory, illustrating order points, order quantities, lead times, and the relationship between inventory levels and time. Go to long description for more details.]
                  Source: APICS Certified Supply Chain Professional Learning
                           System, Version 4.0

                  Go to long description.

                  
                  
                  
                  
                  Uncertainty must be reflected in the fixed order
                     period approach, just as it is in fixed order quantity approaches. Although the order
                     intervals are fixed, safety stock and lead times must be adjusted to levels of uncertainty
                     about supply and demand.

                  
                  
               
               

            
            

         
         
         
         
            
            
            How Much to Order: Fixed Order Quantity Approach

            
            
            
            
               
               
               The fixed order quantity system is
                  defined in the ASCM Supply Chain Dictionary as one in
                  which “the same order quantity is used from order to order.” The fixed order quantity
                  can be
                  based on economic order quantity (EOQ), the number of units that fit in a full bin
                  in a
                  two-bin system, or another method. The fixed order quantity approach can be applied
                  when
                  demand is both certain and uncertain. The key is the use of an order point that triggers
                  replenishment. When a business has predictable demand, it will order the same lot
                  size at
                  the same intervals. If demand is unpredictable, however, orders may be placed with
                  varying
                  frequency.

               
               
               
               The distinguishing feature
                  of this approach is that the quantity of orders remains constant
                  while “the time between orders (order period) then varies from order
                  to order.”

               
               
               
               Exhibit 5-15 shows
                  an idealized scenario in which the rate and volume of demand are known
                  and resupply is certain. This results in an even flow of inventory
                  cycles.

               
               
               
               
                  Exhibit 5-15: Fixed Order Quantity When Demand Is Predictable[image: A graph representing the concept of the Order Point (or Reorder Point, ROP) in inventory management. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               Each cycle begins with
                  the same level of inventory, which declines at a predictable rate
                  until it reaches a level that triggers a new inventory order. This
                  point—the order point—is indicated by the dotted line. Inventory
                  continues to decline after the order is placed until the new order
                  arrives. This is the lead time. Then the cycle begins again.

               
               

            
            

         
         
         
         
            
            
            How Much (or How Many Periods Worth) to Order: EOQ and POQ

            
            
            
            
               
               
               The decision about how
                  much to order—the lot size for an item—illustrates the importance
                  of understanding inventory costs and the interaction between the
                  two factors. If lot size is increased, ordering costs decrease.
                  However, when lot size increases, so does average inventory, and
                  carrying costs increase. In Supply
                     Chain Logistics Management, Bowersox et al. note that “the point
                  at which the sum of ordering and carrying cost is minimized represents
                  the lowest total cost.” The challenge is to find the optimal balance,
                  and the economic order quantity tool is designed to do this.

               
               
               
               Economic
                     order quantity (EOQ) is defined in the ASCM Supply Chain Dictionary partially
                  as “a type of fixed order quantity model that determines the amount
                  of an item to be purchased or manufactured at one time.” Exhibit 5-16 illustrates
                  that the economic order quantity is the point where annualized ordering
                  costs and carrying costs are equal. In the basic version of the
                  model, this order quantity minimizes the total cost.

               
               
               
               
                  Exhibit 5-16: EOQ Model[image: This image shows the economic order quantity (EOQ) model. Go to long description for more details.]
               
                  Source: APICS Certified Supply Chain Professional Learning System,
                        Version 4.0
                  

               
                  Go to long description.
                  

               
               
               
               
               There is a simple model
                  for calculating EOQ, but it holds only for very simplified situations.
                  In this situation

               
               
               
               
                  
                  
                  	
                     
                     
                     The demand rate is known and constant.
                        The supply lead time is reliable. Deliveries are complete and on
                        time.

                     
                     

                  
                  
                  
                  	
                     
                     
                     All
                        demand will be satisfied. In other words, there are no stockouts.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The
                        cost is constant. No discounts are being applied.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The
                        items are discrete. Their demand is not linked to other items, and
                        they are not replenished as part of a group of related items.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Transportation
                        costs do not need to be factored in. The model assumes that transportation
                        costs for inbound material were included in the purchase price and that
                        costs for outbound materials are the customer’s responsibility.

                     
                     

                  
                  
                  
                  	
                     
                     
                     There
                        is an infinite planning horizon. In other words, there are no constraints
                        on the length of the planning period. There is no final order.

                     
                     

                  
                  
                  
                  	
                     
                     
                     There
                        are no supplier restrictions on the quantity that must or can be
                        purchased.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Necessary
                        capital is readily available and does not constrain the purchasing decision
                        in terms of volume or unit cost.

                     
                     

                  
                  

               
               
               
               The formula for determining
                  EOQ is
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               For example, say that a business orders 5,000 units. It has
                  determined that its ordering costs are US$100. Its carrying costs are 25 percent,
                  and the
                  unit cost is US$45. The most economic order will be for 298 units.
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               Note that this basic model
                  can be a good way to find the range in which the order quantity
                  will be near optimal even when not all of the assumptions are strictly
                  true. This is because there will be a range in which the total costs
                  are fairly similar on either side of the EOQ point.

               
               
               
               However, Ross notes in Distribution Planning and Control that the EOQ assumptions described above rule out
                  use of the simple EOQ formula for as much as 30 percent of a typical business’s inventory.
                  In the more complex models, not presented here, the lowest total cost may not be at
                  the
                  point at which the curves intersect. Here are some conditions that require a revised
                  EOQ
                  model:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Quantity discounts.
                           
                         With volume discounts,
                           the unit cost of an item decreases as the lot size is increased. However, the carrying
                           costs may increase as well. There are more complex EOQ models that capture the effect
                           of volume discounts as well as the effect of lowering holding costs—through, for
                           example, using lean manufacturing principles and just-in-time inventory
                           management.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Joint replenishment.
                           
                         Some models can
                           accommodate joint replenishment, a system for “coordinating the lot sizing and order
                           release decision for related items and treating them as a family of items” (ASCM Supply Chain Dictionary). Replenishing groups
                           rather than individual items can reduce total inventory costs.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Transportation costs.
                           
                         EOQ can also be
                           applied to identify the impact of transit time on total inventory costs and choose
                           the
                           most cost-effective mode of transportation.
                        

                     
                     

                  
                  

               
               
               
               Before using EOQ, it
                  is important to recognize some caveats to the practice:

               
               
               
               
                  
                  
                  	
                     
                     
                     Qualitative judgment
                        must be done after calculating EOQ.

                     
                     

                  
                  
                  
                  	
                     
                     
                     EOQ
                        is indicative, but it is not a precise value. This makes it useful
                        as a simple and effective validation check.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The
                        more demand variability you have, the less validity the formula
                        retains.

                     
                     

                  
                  

               
               
               
               EOQ remains a good
                  indicator of the lot size that can be used, and the most important information
                  it provides is the relationship between the cost drivers.

               
               
               
               
                  
                  Period Order Quantity (POQ)

                  
                  
                  
                  
                  Period order quantity (POQ) translates the EOQ into the most economical time between
                     orders and provides decision makers with the number of periods’ worth of inventory
                     to
                     order (e.g., three weeks of inventory) when the order point is reached. Continuing
                     the
                     prior example of an EOQ of 298 units, assume that the annual usage is 5,200 units,
                     or 100
                     units per week, which results in 2.98 weeks’ worth of inventory. The answer should
                     then be
                     rounded to a whole number of periods, in this case 3 weeks, since precision is not
                     important in this method.
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                  Once this ideal number of periods of inventory to order is known, the actual order
                     quantity will then be allowed to vary to meet actual demand, which reduces carrying
                     costs,
                     particularly in situations when demand is not uniform throughout the year as the EOQ
                     model
                     assumes. For example, if demand in this example is seasonal, this method will order
                     three
                     weeks’ worth of inventory in slow periods using the average weekly demand for the
                     upcoming
                     three weeks. As the seasonal demand grows, the organization will still order three
                     weeks’
                     of inventory but that order will be larger. In this way, the number of orders per
                     year
                     will be about the same as it would have been for the EOQ method.

                  
                  
               
               
               
               
                  
                  EOQ versus POQ

                  
                  
                  
                  
                  Let’s compare EOQ versus POQ using the running example. Exhibit 5-17 shows one quarter’s worth of
                     weeks for the organization that calculated an EOQ of 298 units and average weekly
                     demand
                     of 100 units. In this particular quarter, the average weekly demand is just over 90
                     units.
                     The exhibit shows the demand (net requirements), plus the supply (planned order receipts),
                     and the ending inventory. The ending inventory is the prior week’s ending inventory
                     (assume 0 units for period 0), plus any planned order receipts, minus the net requirements
                     for the week. Orders are received whenever there would be insufficient inventory (it
                     would
                     be ordered earlier to account for lead time but this is omitted to simplify the
                     exhibit).

                  
                  
                  
                  
                     Exhibit 5-17: EOQ versus POQ[image: This image compares the economic order quantity (EOQ) model, where 298 units are ordered, with the periodic order quantity (POQ) model, where orders are placed every 3 weeks. It shows the net requirements, planned order receipts, and ending inventory for 13 weeks. Go to long description for more details.]
                  Source: Adapted from Chapman et al, Introduction to Materials Management,
                        9th.

                  Go to long description.

                  
                  
                  
                  
                  In the EOQ method, the order amount is fixed and this results in some periods carrying
                     inventory for longer, resulting in higher average inventories as implied by the higher
                     sum
                     of the ending inventories in the EOQ method (the organization never actually has this
                     sum
                     of inventory; the sums are for comparison). In the POQ method, the order quantity
                     always
                     equals the sum of three weeks’ actual demand, but note how this is not always the
                     order
                     period. In period 7 there is demand of 0, and so the order period is delayed until
                     there
                     is a need to order more.

                  
                  
               
               

            
            

         
         
         
         
            
            
            How Much to Order: 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.

                  

               
               
               
               Lot-for-lot orders only what was sold or removed from inventory since
                  the last reorder point, effectively setting the lot size at one unit. 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. 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 bar coding or magnetic
                     media and equipment.

                  

               
               
               
               For manufacturing, the master production schedule
                  or 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 rather than being in round
                  lots.
                  In lean, the lot size is likely to be near or at one unit, and it carries this through
                  to
                  purchasing.

               
               
               
               Lot-for-lot prevents inventory build-ups because
                  inventory is always replenished to the exact level desired, no more and no less. Lot-for-lot
                  is frequently used to reorder perishable SKUs, level A items in ABC inventory control,
                  and
                  items that consume significant warehouse space due to their size or handling
                  requirements.

               
               

            
            

         
         
         
         
            
            
            How Much to Order: Target Inventory Level (e.g., Min-Max)

            
            
            
            
               
               
               The min-max system is a hybrid
                  approach to inventory control that is an adaptation of a fixed order quantity system
                  for use
                  in situations with higher demand variability such as due to promotions. It is defined
                  in the
                  ASCM Supply Chain Dictionary as

               
               
               
               
                  
                  a
                     type of 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 result of the max
                     minus 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.

                  

               
               
               
               When stock depletes very
                  rapidly, or in a complex system where stock is being withdrawn by
                  many users simultaneously, there is a risk that inventory will drop below
                  the reorder point before a replenishment order can be completed.
                  In that case, the min-max system is used to replenish the inventory
                  in increments to maintain levels within a safe range. The maximum
                  is the inventory needed to meet demand with a safety stock buffer;
                  the minimum is the stock required to meet demand during the replenishment
                  lead time.

               
               
               
               Essentially, the order
                  point becomes a range and inventory is “topped off” in increments.
                  For example, a business using the min-max system sets the maximum inventory
                  level at 125 and the minimum at 50. (Both levels include a buffer
                  of 25.) During a periodic review, the system notes that the inventory
                  level is at 70. An order for 55 items will be issued. If the next
                  review sees a quantity of 85, an order for 40 items will be issued.
                  The inventory control approach still uses quantity as the key replenishment
                  factor, but the quantity and timing of orders may vary.

               
               
               
               Min-max systems should not be used when ordering from external
                  suppliers but only with internal distribution systems, such as satellite warehouses
                  withdrawing inventory from a distribution center. This is because lead times are short
                  in an
                  internal supply chain network with little variation, and these calculations can help
                  prevent
                  stockouts and maximize inventory turns within satellite warehouses.

               
               

            
            

         
         
         
         
            
            
            How Much to Order: Just in Time with Kanban

            
            
            
            
               
               
               Just in time (JIT) inventory control, which is closely linked
                  with lean manufacturing methodologies, aims at reducing waste by decreasing the amount
                  of
                  raw materials and work-in-process inventory. These methods work to reduce the uncertainty
                  of
                  what to produce or what and how much to order in part by reducing supply chain lead
                  times
                  enough that manufacturing can be based on actual customer demand signals. JIT also
                  prevents
                  wasteful interruptions in production through the use of a kanban system. The ASCM Supply Chain Dictionary defines kanban as

               
               
               
               
                  
                  a
                     method of just-in-time production that uses standard containers
                     or lot sizes with a single card attached to each. It is a pull system
                     in which work centers signal with a card that they wish to withdraw
                     parts from feeding operations or suppliers. The Japanese word kanban,
                     loosely translated, means card, billboard, or sign, but other signaling
                     devices such as colored golf balls have also been used. The term
                     is often used synonymously for the specific scheduling system developed
                     and used by the Toyota Motor Corporation in Japan.

                  

               
               
               
               A typical example of JIT
                  would be a business that sells computer servers. When a customer
                  places an order online for a particular configuration of features,
                  a technician withdraws the required parts from a small inventory.
                  When the inventory level of these parts reaches a defined order
                  point, the parts are replenished by wholesalers. These wholesalers,
                  in turn, pull replacement stock from manufacturers, who plan production
                  based in part on existing and anticipated orders. Suppliers are
                  chosen for their ability to provide quality parts quickly. By keeping
                  inventory low, the server business can keep its capital costs and
                  carrying costs low. By avoiding amassing parts inventories, it avoids
                  possible obsolescence costs. It is more competitive, always ready to
                  provide customers with the most current and powerful products.

               
               

            
            

         
         
         
         
            
            
            Other Methods of How Much to Order

            
            
            
            
               
               
               One example of another method of how much to order is called lifetime buy quantity.
                  Often,
                  customers need to calculate a lifetime buy quantity for equipment they own. This is
                  the
                  quantity of spare parts that the customer will need to purchase now in order to maintain
                  a
                  product to the end of its life cycle. It is used when spare parts for the product
                  are being
                  discontinued.

               
               
               
               Other examples discussed elsewhere include vendor-managed inventory (VMI) and consignment
                  stocks. VMI places the “how much to order” management decision on the supplier. With
                  consignment, the supplier owns the product until it has been sold to a customer. The
                  supplier may use VMI to manage these inventories or allow the organization who has
                  accepted
                  the consignment stock to manage these inventories in some way (e.g., only ordering
                  more as
                  units are sold, called lot-for-lot replenishment).

               
               

            
            

         
         
   
      
         
         
         
         Manage Exceptions, Anomalies,
            Constraints, and Conditions of Uncertainty

         
         
         
         
            
            
            Determining when and how much to order is simple when
               demand and supply are both reliable, as may be the case for some commodities and staples
               most of the time. However, in other cases supply and/or demand will be subject to
               numerous
               exceptions, anomalies, constraints, and conditions of uncertainty. Two key inventory
               management tools—safety stock and safety lead time—can address these conditions. Here
               we
               look at a revised version of the order point formula that adds safety stock. We also
               address
               some ways of determining the proper level for safety stock, such as using standard
               deviation
               or mean absolute deviation, and consider two alternate approaches to inventory management
               that help reduce the effects of uncertainty—vendor-managed inventory and consignment
               inventory.

            
            

         
         
         
         
         
            
            
            Effect of Uncertainty

            
            
            
            
               
               
               Uncertainty affects both stock level and lead time. Safety stock may be
                  needed to buffer against higher-than-anticipated demand or longer-than-anticipated
                  replenishment. Additional lead time may also be added—safety
                     lead time, defined in the ASCM Supply Chain Dictionary 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
                     system,
                     in offsetting for lead time, will plan both order release and order completion for
                     earlier
                     dates than it would otherwise.

                  

               
               
               
               These changes affect calculation of the order point as
                  follows:
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               Inventory planners must calculate reasonable levels of
                  safety stock and safety lead time.

               
               
               
               Exhibit 5-18 shows the impact of uncertainty of
                  the inventory flow.

               
               
               
               
                  Exhibit 5-18: Fixed Order Quantity When Demand Is Uncertain[image: The image illustrates how the fixed order quantity (EOQ) model works when demand is uncertain. Go to long description for more details.]
               
                  Source: APICS Certified Supply Chain Professional Learning System,
                        Version 4.0
                  

               
                  Go to long description.
                  

               
               
               
               
               The amount of the order is consistent from one cycle to
                  the next. However, the timing of new orders (and therefore the intervals between orders)
                  changes. Beginning inventory for the first cycle was slightly higher than the order
                  quantity
                  plus safety stock. In the second cycle, demand proved to be a bit slack. It takes
                  a bit
                  longer to reach the order point in the second cycle, and cycle stock is not fully
                  depleted
                  before replenishment. So the beginning inventory for the third cycle is higher. However,
                  demand picks up sharply in the third cycle and the order point is reached more quickly.
                  Again, the order size remains constant, but the order timing changes with demand.

               
               

            
            

         
         
         
         
            
            
            Calculating Standard Deviation in Units

            
            
            
            
               
               
               To calculate the amount of safety stock required, we must quantify the
                  degree to which uncertainty of demand and supply affects inventory levels. The starting
                  point is to find the value for a standard deviation in terms of required stock units.

               
               
               
               A standard deviation
                  is defined in the ASCM Supply Chain Dictionary as

               
               
               
               
                  
                  a measurement of dispersion of
                     data or of a variable. The standard deviation is computed by finding the differences
                     between the average and actual observations, squaring each difference, adding the
                     squared
                     differences, dividing by n - 1 (for a sample), and taking the square root of the
                     result.

                  

               
               
               
               The standard deviation is represented by the term sigma,
                  the abbreviation SD, or the symbol σ. Standard deviations are used to describe variances
                  from a norm.

               
               
               
               Exhibit 5-19 shows a normal distribution, which
                  means that most data points cluster at the center of a range and the rest taper off
                  in
                  either direction in an equivalent manner.

               
               
               
               
                  Exhibit 5-19: 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. 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.]
               
               
               
               
               Standard deviations account for data in the following
                  manner:

               
               
               
               
                  
                  
                  	
                     
                     
                     A range of ± 1 sigma includes
                        68.27 percent of data points.

                     
                     

                  
                  
                  
                  	
                     
                     
                     A range of ± 2 sigmas includes
                        95.45 percent of data points.

                     
                     

                  
                  
                  
                  	
                     
                     
                     A range of ± 3 sigmas includes
                        99.73 percent of data points.

                     
                     

                  
                  

               
               
               
               The number of deviations is related to the level of
                  confidence you want in your ability to fulfill demand. If you include ±3 sigma, you
                  can be
                  more confident that you will have enough stock to meet demand almost 100 percent of
                  the
                  time. Of course, this may require carrying so much stock that this level of confidence
                  is
                  not practical. The decision about the confidence level must be aligned with the business
                  and
                  inventory strategies and may vary by item.

               
               
               
               In terms of setting inventory levels, the center of the normal
                  distribution indicates the point at which demand equals the forecast or supply. The
                  left
                  side shows what happens when demand decreases and an overstock may occur (defined in the ASCM Supply
                     Chain Dictionary as “a supply or quantity of inventory in excess of demand or
                  requirements”), while the right side shows what happens when demand increases and
                  stockouts
                  occur.

               
               
               
               Exhibit 5-20 shows an example of calculating the
                  standard deviation for the same phone manufacturer introduced elsewhere, using the
                  following
                  steps.

               
               
               
               
                  
                  
                  	
                     
                     
                     A period of 10 weeks has been
                        chosen. The period is referred to as n for the number
                        of periods.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The actual demand is summed.
                        Here it is 10,760 units.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The mean (simple average) is
                        calculated as 10,760 divided by n, which is 10 in this
                        example. This is 1,076 units.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The actual demand minus the
                        mean is calculated for each period. For example, for week 1, mean demand (1,076) is
                        subtracted from actual demand (1,100); 1,100 – 1,076 = 24.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Each row is squared and the
                        results are summed. Here the sum of the squared deviations is 246,240.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The sum of the squared
                        differences between the actual and mean is then divided by the number of periods,
                        n – 1. In this case, 246,240/(10 − 1) = 246,240/9 =
                        27,360. Note that there are two methods of calculating standard deviation and only
                        this
                        step differs between the two methods. One method, which divides this step by the number
                        of observations, n (instead of n − 1), is used when the entire population of results
                        (e.g., all forecast results back to initial product launch) is included in the
                        calculations. Here we apply the n − 1 method because
                        we are using a subset or sample of the data (the last 10 weeks) to form an estimate
                        of
                        the standard deviation for the entire population (up to 30 data points). This is just
                        a
                        mathematical way of correcting for a type of bias that can occur when a sample is
                        used
                        to estimate the whole.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The standard deviation is the
                        square root of 27,360, or 165.4 units.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 5-20: Finding the Standard Deviation
                        
                        
                           
                           
                           
                           
                           
                           
                           
                           
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Week

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Forecast

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Actual

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Absolute
                                    Deviation

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Actual –
                                    Mean

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 (Actual – Mean)
                                    Squared

                                 
                                 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 1

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,100

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 100

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 24

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 576

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 2

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 950

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 50

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 –126

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 15,876

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 3

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,150

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 150

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 74

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 5,476

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 4

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,400

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 400

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 324

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 104,976

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 5

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 0

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 –76

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 5,776

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 6

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 900

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 100

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 –176

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 30,976

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 7

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 920

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 80

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 –156

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 24,336

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 8

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,300

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 300

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 224

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 50,176

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 9

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 990

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 10

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 –86

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 7,396

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 10

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,050

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 50

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 –26

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 676

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 
                                    Sum
                                    

                                 
                                 
                              
                              
                              
                              	 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    10,760
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    1,240
                                    

                                 
                                 
                              
                              
                              
                              	 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    246,240
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 
                                    Mean
                                    

                                 
                                 
                              
                              
                              
                              	 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    1,076
                                    

                                 
                                 
                              
                              
                              
                              	 
                              
                              
                              
                              	 
                              
                              
                              
                              	 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 
                                    Sum of (Actual – Mean)2/n −
                                       1
                                    

                                 
                                 
                              
                              
                              
                              	 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    27,360
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 
                                    Standard deviation (square root of line
                                       above)
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    165.4
                                    

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               
               
               If the manufacturer wanted to be sure to have enough
                  units to meet 84.13 percent of demand without stockouts (one positive standard deviation),
                  they will need 165.4 safety stock units. To meet 97.73 percent of demand, 330.8 units
                  of
                  safety stock will be needed (2 × 165.4). To meet 99.87 percent of demand, 496.2 units
                  of
                  safety stock will be needed (3 × 165.4).

               
               
               
               The mean absolute deviation is a simpler method for calculating
                  standard deviation, although a bit less precise. The mean
                     absolute deviation (MAD) is defined in the ASCM
                     Supply Chain Dictionary as

               
               
               
               
                  
                  the average of the absolute
                     values of the deviations of observed values from some expected value. MAD can be
                     calculated based on observations and the arithmetic mean of those observations. An
                     alternative is to calculate absolute deviations of actual sales data minus forecast
                     data.
                     This data can be averaged in the usual arithmetic way or with exponential
                     smoothing.

                  

               
               
               
               MAD is represented by the following formula. (In the
                  formula below, the Greek uppercase letter ∑ stands for “the sum of.”)

               
               
               
               
                  
[image: ../images/5b-2_2_-_calculating_standard_deviation_in_units_01_id179PAI000YK_mathml_81_width_1206.png]

                  

               
               
               
               With absolute values, it does not matter whether the
                  forecast falls short of demand or exceeds demand. Only the magnitude of the deviation
                  counts
                  in MAD. We can see how this works by looking at Exhibit 5-21. The weekly forecasts for 10
                  weeks are shown in the second column on the left. The third column shows the actual
                  results
                  in units. The MAD is calculated by summing the differences and dividing by 10.

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 5-21: Using MAD to Estimate Safety Stock Needs
                        
                        
                           
                           
                           
                           
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Week

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Forecast

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Actual

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Absolute Deviation

                                 
                                 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 1

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,100

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 100

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 2

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 950

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 50

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 3

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,150

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 150

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 4

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,400

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 400

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 5

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 0

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 6

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 900

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 100

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 7

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 920

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 80

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 8

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,300

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 300

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 9

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 990

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 10

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 10

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 1,050

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 50

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 
                                    Sum
                                    

                                 
                                 
                              
                              
                              
                              	 
                              
                              
                              
                              	 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    1,240
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 
                                    Mean absolute deviation (sum absolute deviation/n)
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    124
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               Note that calculating MAD using the absolute difference
                  between actual and forecast requires that the forecasts are not biased (no consistent
                  deviation from the mean).

               
               
               
               Learners may come across a rule of thumb, which is to
                  multiply the MAD by 1.25 to yield an approximation of the standard deviation—in this
                  case,
                  124 × 1.25 = 155 units. However, this method is intended to be used when MAD is calculated
                  “based on observations and the arithmetic mean of those observations” per the ASCM Supply Chain Dictionary definition above rather than being based on the
                  forecast error method as is shown here. (This example is close because the forecast
                  of 1,000
                  units per period is very close to the mean of the actuals of 1,076 units.) In general,
                  standard deviation is considered the more accurate method over using MAD.

               
               
               
               A normal distribution curve for MAD looks a bit different
                  from a normal distribution curve for the standard deviation because of the difference
                  in
                  values, but the principle is the same, as shown in Exhibit 5-22.

               
               
               
               
                  Exhibit 5-22: Normal Distribution Curve for MAD of 124 Units[image: The image illustrates a normal distribution curve for a mean absolute deviation (MAD) of 124 units. 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 (-372 to +372 units). Key annotations include: 50% chance of overstock below 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).]
               
               
               
               
               There is another way to determine the value of a standard
                  deviation—using a spreadsheet tool such as Excel. The actual demand numbers are entered
                  and
                  a formula applied. In Excel, this formula is STDEV.S or STDEV.P; it performs the calculation
                  using the full range of demand numbers. (Note: The S in the first formula stands for
                  sample
                  and the P in the second formula stands for population, and the method used will differ
                  depending on the amount of data used. If there are more than approximately 30 data
                  points,
                  either method can be used without much difference in the results.)

               
               

            
            

         
         
         
         
            
            
            Setting Safety Stock for Desired Service Level

            
            
            
            
               
               
               Determining the safety stock level requires a final consideration, the
                  desired service level. Service level can be measured in many different ways—total
                  dollars
                  rather than orders, orders shipped complete, order line items shipped versus total
                  line
                  items, and so on—and no one method is best for all purposes. If the time period of
                  concern
                  is an ordering cycle, then service level can be called the cycle
                     service level, defined in the ASCM Supply Chain Dictionary as

               
               
               
               
                  
                  the probability of not having a
                     stockout in any one ordering cycle, which begins at the time an order is placed and
                     ends
                     when the goods are placed in stock.

                  

               
               
               
               Service level correlates with the categories of an ABC
                  classification. ABC classifications can be used by businesses to segment inventory
                  based on
                  various factors, including importance and revenue. A business will be highly motivated
                  to
                  achieve almost perfect service for its A items. 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.

               
               
               
               Exhibit 5-23 shows an example of service
                  levels and the standard deviations and MADs associated with each level.

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 5-23: 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

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               
               
               To achieve the service level in the left-hand column, a
                  planner must adjust the SD or MAD (whichever is being used). Multiplying the SD or
                  MAD by
                  this factor yields the safety stock level to hold.

               
               
               
               To return to our example, the manufacturer considers its
                  ability to fulfill demand of this particular model critical to its business. Since
                  insufficient stock will interrupt production, it is imperative to have enough stock
                  to fill
                  at least 90 percent of its orders each week.

               
               
               
               Using the standard deviation, the safety stock level
                  should be

               
               
               
               
                  
[image: ../images/5b-2_3_-_setting_safety_stock_for_desired_service_level_01_id179PB0JF0PF_mathml_83_width_579.png]

                  

               
               
               
               Using MAD, the safety stock level should be

               
               
               
               
                  
[image: ../images/5b-2_3_-_setting_safety_stock_for_desired_service_level_02_id179PB0MG0PN_mathml_84_width_343.png]

                  

               
               
               
               Note that the differences between the results are due to
                  differences in how standard deviation and MAD were calculated. (The SD method is more
                  precise.)

               
               
               
               Using the order point formula and the standard deviation
                  for calculating safety stock, the order point for the mobile phone manufacturer would
                  be as
                  follows:

               
               
               
               
                  
[image: ../images/5b-2_3_-_setting_safety_stock_for_desired_service_level_03_id179PB0O0S7Q_mathml_85_width_1483.png]

                  

               
               
               
               
                  
                  Calculating Safety Stock based on Order Cycle Time (OCT) and OCT Variability 

                  
                  
                  
                  
                  
                  Elsewhere we calculated safety stock requirements based on the variability of demand
                     relative to average demand per time period. In that example, we calculated that one
                     SD was
                     165.4 units of safety stock and that a service level of 99.86 percent or 3 standard
                     deviation (SDs) would be 3 SD x 165.4 units per 1SD = 496.2 units of safety stock.
                     However, that method does not factor in the product’s order cycle time or the variability
                     in the order cycle time. An organization’s order cycle time (OCT) and the standard
                     deviation (SD) of the order cycle time (amount of variability) both impact the necessary
                     amount of safety stock, so the ideal level of safety stock can be related to these
                     two
                     variables and to the organization’s desired service level. 

                  
                  
                  
                  Assume that demand per day averages 143 units per day, the average order cycle time
                     (OCT)
                     is 7 days, and the standard deviation of the order cycle time in days (OCT SD) is
                     2 days.
                     The variable z in the formula below stands for a z-transformation, which is
                     the number of SDs needed to capture the desired service level. In this case it is
                     3 SDs if
                     the organization’s desired service level is 99.86 percent. These values are input
                     into the
                     following safety stock calculation:

                  
                  
                  
                  
[image: ../images/5b-2_3_-_setting_safety_stock_for_desired_service_level_04_equation-block_khn_h5p_jcc_mathml_86_width_1908.png]


                  
                  
                  Note how this equation isolates safety stock from the cycle stock by first calculating
                     the demand per day times the average order cycle time including safety stock requirements
                     and then subtracts the demand per day times the order cycle time without any safety
                     stock
                     requirement, leaving just the safety stock requirement. 

                  
                  
                  
                  In this example, the safety stock requirement is higher than the one calculated based
                     solely on demand variability from average demand. The organization would want to adopt
                     this higher safety stock estimate if it wants to maintain this customer service level.
                     Takeaways from using this method are as follows:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Reducing the average order cycle time will reduce the safety stock requirement (it
                           will also reduce the cycle stock needed to maintain the same amount of demand per
                           day
                           for further savings).

                        
                        

                     
                     
                     	
                        
                        
                        Reducing the variability of the average order cycle time will reduce the safety stock
                           requirement.

                        
                        

                     

                  
                  
                  
                  For example, if the SD of the average order cycle time were reduced to 1 day, this
                     would
                     be 143 units per day times (7 days + 3 days) = 1,430 units, minus the 1,001 units
                     of cycle
                     stock = 429 units of safety stock. In that case the organization could then go with
                     the
                     496.2 units of safety stock estimated earlier based on the variability in demand
                     analysis.

                  
                  
                  
                  Any improvement that reduces the safety stock requirement can be turned into a cost
                     savings estimate by multiplying the reduction in safety stock units by the cost per
                     unit
                     and the inventory carrying cost rate. An improvement that reduced the safety stock
                     requirement by 361.8 units for a unit that costs $1,000 at a carrying cost rate of
                     29
                     percent = $104,922 in reduced expenses, directly increasing cash flows.

                  
                  
               
               
               
               
                  
                  Stockout Cost Validation for Safety Stock

                  
                  
                  
                  
                  Since stockouts of some inventory types will be more costly to the organization than
                     others, determining the expected cost of stockouts is a good way to validate that
                     the
                     organization is not spending too much on safety stock for a particular type of inventory.
                     Estimating the cost of a stockout involves determining the impact of backorders, lost
                     sales, and lost customers. 

                  
                  
                  
                  First, estimate the percentage of stockouts that result in a backorder and multiply
                     this
                     by the cost to the organization of a backorder. Second, estimate the percentage of
                     stockouts that result in a lost sale and multiply this by the lost profit of a missed
                     sale. Third, estimate the percent of stockouts that result in a lost customer and
                     multiply
                     this by the estimate of the loss of lifetime revenue from that customer. For example,
                     an
                     organization makes these estimates: (60% backorders x $100 backorder cost) + (15%
                     lost
                     sales x $500 lost profit) + (5% lost customers x $25,000 lost lifetime revenue) =
                     $60 +
                     $75 + $1,250 = $1,385.

                  
                  
                  
                  The cost of safety stock should not exceed this amount for this item. Since this is
                     the
                     cost of a single stockout, if different safety stock alternatives have different numbers
                     of potential stockouts per period, this would need to be factored in to the alternatives
                     analysis.

                  
                  
               
               
               
               
                  
                  Calculating
                     Safety Lead Times

                  
                  
                  Safety lead time shifts the order
                     point earlier to address variability related to lead times such as for late supplier
                     delivery. It addresses variability in the when rather than variability in how much.
                     In
                     contrast, safety stock is primarily used to address variability in how much (demand
                     amounts) at each customer decoupling point (inventory buffer location). In contrast,
                     safety lead time is often used for dependent demand items (e.g., product components)
                     that
                     have no demand variability since the requirements for dependent demand items are
                     calculated rather than being forecasted. Safety lead time helps avoid increasing inventory
                     levels for the given item. 

                  
                  
                  
                  
                  To calculate the duration of safety lead time, organizations can adjust the reorder
                     point
                     to reflect the standard deviation from the average lead time. A standard deviation
                     for
                     lead time, adjusted by a safety factor, can be developed in the same manner as for
                     safety
                     stock to determine how much earlier than normal to order. Note that when altering
                     the
                     order point in this way, it is best to track this alteration of the order point separately
                     from the main calculation so that the reasons for ordering early can be communicated
                     to
                     supply chain partners. (Otherwise they will see it as a shift in demand rather than
                     as a
                     precautionary measure and will start ordering early themselves.) When performed for
                     dependent demand, for example, most MRP systems allow safety lead time to be entered
                     as a
                     separate parameter from normal lead time.

                  
               
               

            
            

         
         
         
         
            
            
            Other Inventory Management Approaches

            
            
            
            
               
               
               There are a number of other inventory management approaches, for
                  example, material requirements planning and distribution requirements planning programs.
                  These are time-phased ordering systems. They consider the volume and timing of future
                  demand
                  for dependent inventory and order or cancel stock based on those forecasts.

               
               
               
               Some approaches aim at increasing the efficiency of inventory
                  management in businesses relying on supply chain models while also reducing some types
                  of
                  uncertainty. We’ll look at two of these approaches: vendor-managed inventory and consignment
                  systems.

               
               
               
               
                  
                  Vendor-Managed
                     Inventory

                  
                  
                  Vendor-managed inventory (VMI)
                     systems are used by businesses to share inventory management responsibilities with
                     their
                     suppliers. At the heart of VMI is a clear and carefully structured agreement between
                     the
                     customer and the supplier about their respective obligations and rights:

                  
                  
                  
                     
                     	
                        
                        The covered products are
                           defined.

                        

                     
                     
                     	
                        
                        The customer and the vendor
                           agree on order points and order quantities.

                        

                     
                     
                     	
                        
                        The customer and the vendor
                           agree on what data to share and how to exchange them. This allows the supplier to
                           track inventory levels and initiate replenishment unilaterally. It allows the customer
                           to avoid the work required to review inventory and initiate orders but still provides
                           visibility of available stock and stock on order.

                        

                     

                  
                  
                  A VMI agreement can lead to stronger, more
                     strategic relationships between suppliers and customers, helping to decrease
                     vulnerabilities and uncertainty and enhance opportunities. The agreement should allow
                     suppliers to avoid stockouts of their items in the distribution channel, to avoid
                     the
                     bullwhip effect, and to exert more control over their business. Customers can shed
                     ordering costs and may have fewer stockouts or overstocks. Customers should be alert,
                     however, to the impact of the agreement on inventory levels. A VMI relationship should
                     not
                     allow suppliers to push unneeded inventory out to customers, thereby increasing customers’
                     carrying costs.

                  
                  
                  
                  VMI can be used for both
                     independent and dependent demand items. Walmart uses VMI with its many suppliers,
                     and Dell
                     allows suppliers to manage parts inventories in warehouses near its assembly
                     points.

                  
               
               
               
               
                  
                  Consignment
                     Inventory

                  
                  
                  Consignment is an issue of ownership—who retains ownership of stored
                     inventory. The ASCM Supply Chain Dictionary defines
                     consigned stocks as

                  
                  
                  
                     
                     inventories, generally of finished goods, that are in
                        the possession of customers, dealers, agents, brokers, etc., but remain the property
                        of
                        the manufacturer by agreement with those in possession.

                     

                  
                  
                  Consignment is sometimes called vendor-owned inventory (VOI)
                     or supplier-financed inventory. In a consignment scenario, the customer does not assume
                     ownership of the goods upon receipt. The goods are stored in exactly the same way
                     as
                     conventional inventory, but the customer pays for the goods only when they are actually
                     withdrawn from inventory.

                  
                  
                  For example, a computer manufacturer
                     may use consignment inventory for parts it uses very rarely. By choosing consignment
                     rather than purchasing the parts outright, the manufacturer avoids investing capital
                     in
                     stock that may become obsolete before it is fully depleted. The advantage to the supplier
                     is that it creates the opportunity that the supplier’s products, and not those of
                     a
                     competitor, will be used in the process.

                  
                  
                  When the
                     manufacturer needs a part, it is simply withdrawn from warehouse inventory and a payment
                     is credited to the supplier. The process occurs primarily on the accounting side.
                     To
                     warehouse staff, the distinction is not obvious. Their job remains to ensure that
                     the
                     item’s removal is tracked and that inventory levels are accurate.

                  
                  
                  Consignment agreements usually define the period for which the goods
                     will be held, the manner in which inventory will be measured and reported, and
                     responsibilities for shipping charges, insurance coverage, and damage during shipping
                     and
                     storage.

                  
               
               

            
            

         
         
         
         
            
            
            Other Processes

            
            
            
            
               
               
               There are many other methods organizations can use
                  when attempting to manage exceptions, anomalies, and uncertainty.

               
               
               
               For instance, organizations can use cross-docking to respond to
                  customer demands that vary widely from order to order. Cross-docking relies on incoming
                  shipments being easily sorted at an intermediate warehouse so that items can be taken
                  immediately from an incoming shipment and placed on an outbound shipment, without
                  requiring
                  storage in inventory or breaking down pallets. Cross-docking requires a high degree
                  of
                  execution to be successfully employed, and it often entails the use of information
                  technology.

               
               
               
               Organizations can also use mixed-SKU palletizing to respond more
                  efficiently in circumstances where orders are inconsistent or include multiple products.
                  For
                  example, a warehouse serving a chain of grocery stores may receive shipments of pallets
                  containing 60 cases of a particular soft drink, but each store may need only a few
                  cases
                  each week. By storing all of its products in an organized fashion, the warehouse can
                  pick
                  specific quantities ordered by each store and combine them into a single pallet containing
                  the entirety of the order. Automation can be used throughout this process to help
                  drive even
                  more efficiency.

               
               
               
               Postponement refers to delaying product differentiation until the
                  latest possible point in the process, reducing excess quantities of finished products
                  in the
                  supply chain. Shipments can also be postponed to help an organization avoid shipping
                  partially full shipments by creating the timing flexibility to group small orders
                  together
                  into one larger shipment. This can save an organization in shipping costs by reducing
                  the
                  total number of shipments required to fill orders.

               
               
               
               Another method of creating shipping efficiencies is to use
                  less-than-truckload or less-than-containerload options for shipping, perhaps using
                  groupage
                  services to combine their order with other orders for the line-haul portions of the
                  journey.
                  This allows organizations to purchase only the space they require for an order.

               
               

            
            

         
         
   
      
         
         
         
         Conduct Inventory Classification Including
            ABC Analysis of Inventory

         
         
         
         
            
            
            To be successful in inventory management, businesses must
               weight the relative importance or value of their inventory investments. An inventory
               classification method such as ABC inventory analysis helps inventory managers
               prioritize allocation of their resources and activities to certain inventory areas.
               

            
            

         
         
         
         
         
            
            
            ABC Classification Principles

            
            
            
            
               
               
               When the 80-20 rule of Vilfredo Pareto is applied to
                  inventory management, the result is ABC
                     classification of inventory (also known as ABC analysis), defined in the
                  ASCM Supply Chain Dictionary as

               
               
               
               
                  
                  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.

                  

               
               
               
               Although the ASCM Supply Chain Dictionary definition uses
                  a 70/20/10 split, the actual percentages may differ among users. Exhibit 5-24 shows
                  an ABC classification that uses an 80/15/5 split.

               
               
               
               
                  Exhibit 5-24: ABC Classification in Inventory Management[image: This graph displays a cumulative percentage distribution of items categorized into three classes (A, B, and C) based on their value. The x-axis represents the cumulative percentage of items, and the y-axis represents the cumulative percentage of value. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               A items can be seen as high
                  in value and risk. The greater the inventory’s value, the greater
                  the loss if a risk event occurs. The loss for A stock will be significant,
                  for example, if inventory is lost to theft or damage or if the price
                  at which it can be sold declines significantly. This may occur because
                  of a miscalculation about demand or unforeseen competition or a
                  change in technology that makes the inventory obsolete.

               
               
               
               ABC inventory analysis is
                  used primarily to

               
               
               
               
                  
                  
                  	
                     
                     
                     Determine levels of safety stock to maintain
                        (in order to avoid stockouts in critical SKUs).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Provide
                        appropriate levels of inventory counting. Priority items may be
                        counted more frequently, or automatic counting may be supplemented
                        with manual checks.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Locate
                        SKUs in individual warehouses and warehouse networks.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Check inventory for perishable items that have expired.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Set
                        service level targets.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            ABC Analysis by Revenue or Other Factors

            
            
            
            
               
               
               Exhibit 5-25 is an example of ABC inventory classification based on revenue
                  produced with an additional classification that some logistics experts have added
                  to
                  the ABC system—D, for dead stock. (This simplified example assumes that the 11 types
                  of items listed are the only item types held in inventory.)

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 5-25: ABC-D Analysis by Revenue
                        
                        
                           
                           
                           
                           
                           
                           
                           
                           
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Item Code

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Annual Revenue

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 % Annual Revenue

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 % Cumulative Revenue

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 % Cumulative Items

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 ABC-D Class

                                 
                                 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 01A

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 40,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 40.0%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 40.0%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 9%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 A

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 14V

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 30,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 30.0%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 70.0%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 16%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 A

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 78Y

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 10,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 10.0%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    80.0%
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 20%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 A

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 98H

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 6,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 6.0%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 86.0%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 36%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 B

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 09P

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 5,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 5.0%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 91.0%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 45%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 B

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 65T

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 4,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 4.0%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    95.0%
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 55%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 B

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 23W

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 3,000

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 3.0%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 98.0%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 64%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 C

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 12Q

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 800

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 0.8%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 98.8%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 73%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 C

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 99M

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 700

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 0.7%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 99.5%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 82%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 C

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 88B

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 500

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 0.5%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    100.0%
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 96%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 C

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 04Z

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 0

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 0.0%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    100.0%
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 100%

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 D

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 
                                    TOTAL
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    US$100,000
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    100%
                                    

                                 
                                 
                              
                              
                              
                              	 
                              
                              
                              
                              	 
                              
                              
                              
                              	 
                              
                              

                           
                           
                        

                     

                  
                  

               
               
               Note how A items make up 80
                  percent of the cumulative revenue, B items make up a further 15 percent to reach 95
                  percent, and C and D items make up the remaining 5 percent. Note also that in
                  addition to some ABC analyses becoming an ABCD analysis, other methods also add a
                  category E for excess or obsolete inventory and call this an ABC-DE strategy.
                  Another variant is ABC1,C2,ESX where C1 is slow moving, C2 is very slow moving but
                  necessary to keep, S is special or one-off; and X is non-stock or nonstandard. 

               
               
               
               In Contemporary Logistics, Murphy and Knemeyer
                  define dead stock as stock that has had no sales during a 12-month period. The
                  ASCM Supply Chain Dictionary term for dead stock is inactive
                     inventory.

               
               
               
               
                  
                  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 is a drag on a business’s financial performance. Inactive
                  inventory increases assets but does not contribute to increased income. It also
                  decreases net income through increased carrying costs, which can include the capital
                  cost of financing for this inventory, warehousing costs, and disposal costs. ABC
                  classification and management of inactive inventory are major tools in reducing
                  average inventory. To control inactive inventory, businesses implement preventive
                  practices that discourage excess inventory and use periodic inventory counting to
                  identify dead stock issues, correct the issues, and remove the stock from
                  inventory—optimally through reselling, which at least captures some value. 

               
               
               
               Sometimes businesses need to retain some dead or slow-moving D stock as a competitive
                  factor—to continue to provide service to customers who need replacement parts and
                  to
                  sustain an image of customer service and reliability. Also some inventory will be
                  new items with no sales history; it would be a mistake to make this a D item simply
                  because it has no revenue associated with it yet.

               
               
               
               The most common factor used in determining the
                  ranking in ABC analysis is revenue (as in Exhibit 5-25), but other factors may be used as well, depending on the
                  characteristics and priorities of the organization performing the ranking. These may
                  include but are not limited to the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Profit margin.
                           
                         The return
                           on items with a higher profit margin may justify higher inventory
                           levels.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Customer importance.
                           
                        Some items
                           might be ranked in a higher ABC category of product even though they
                           would go in a lower category based on their revenue alone. This may be
                           because inventory managers are aware of the item’s critical value to key
                           customers.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Relationships to other items.
                           
                         An item may
                           be ranked lower than A but be integral to the sale of an A item, or it
                           may be a new item with sales that are gradually building.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Velocity or turns.
                           
                         Fast-moving
                           items may be maintained at higher inventory levels. Conversely, items
                           with very low turns may have little or no safety stock.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Inventory picking frequency.
                           
                         Some
                           high-selling A items are usually ordered in lot-size increments and so
                           are not picked in the warehouse as many times per day as other items
                           usually ordered in smaller quantities. Analysis of number of orders per
                           day can ensure items picked most frequently have the shortest warehouse
                           travel times.
                        

                     
                     

                  
                  

               
               
               
               In fact, the ABC analysis may be by multiple
                  variables or multiple factors with different weights. This allows for qualitative
                  as
                  well as quantitative analysis. A qualitative analysis can add intangible or
                  hard-to-quantify factors to the purely quantitative analysis of values and may
                  result in some items with smaller values being ranked more highly than items with
                  larger values.

               
               
               
               Different functional areas should customize an ABC analysis to suit their distinct
                  needs. For example, while sales often identifies fast movers as those items that
                  produce the most revenue per time period, the warehouse or distribution/fulfillment
                  center could be inefficient if using these categories to determine where to store
                  each item. For example, at one organization, replacement toothbrush heads and shaver
                  heads were classified as A items based on their being fast movers with high revenue
                  value. The pallets were therefore stored in the most convenient area of the
                  warehouse. However, since one pallet of these items consisted of 10,000 eaches,
                  there were few pallet movements needed. In contrast, the same organization had
                  coffee makers that were considered C items by the same analysis, but the warehouse
                  was making far more pallet-sized moves of these items, which were stored in the
                  highest and farthest away racks. These items had their warehouse classifications
                  changed to reflect actual pallet picking frequency. 

               
               
               
               
                  
                  Other Inventory Classification Methods

                  
                  
                  
                  Note that other types of inventory value classification methods exist, such as to
                     assess various forms of fast versus slow moving inventory, high to low unit
                     prices, or criticality to operations.

                  
                  
                  
                  
                     
                     	
                        
                        
                        In the XYZ analysis, X items are frequently ordered and should be
                           replenished frequently (e.g., daily), Y items are medium in order
                           frequency and have more demand variation, and Z items are ordered
                           infrequently and with lumpy demand and so have the most demand variation
                           and forecast error. XYZ can be combined with ABC analysis, forming a
                           nine-box grid of AX, BX, CX, AY, BY, CY, AZ, BZ, and CZ.

                        
                        

                     
                     
                     	
                        
                        In an ABC cross analysis, ABC analysis is combined with other relevant
                           data such as on stock levels or the cost of goods sold (e.g., using a
                           pivot chart in a worksheet application) to identify clusters of items
                           that need better management, for example, excess inventory or inventory
                           at risk of shortages.

                        

                     

                  
                  
               
               

            
            

         
         
   
      
         
         
         
         Perform Transaction Management and Inventory
            Review, Auditing, and Compliance

         
         
         
         
            
            
            Since inventory represents
               a significant portion of a business’s assets, good management practices
               require that the inventory management system ensure transparency
               and accountability for the resources consumed by inventory. This
               is accomplished at transactional and global levels through inventory
               reviews and audits that establish the inventory amount at a given
               point in time.

            
            

         
         
         
         
         
            
            
            Transaction Management

            
            
            
            
               
               
               One way to reduce inventory loss (e.g., through pilferage,
                  misplacement, missed transactions) and ensure the accuracy of inventory levels is
                  to
                  track inventory flow at key points. These should be the points at which records must
                  be updated in the inventory or warehouse management system or in ERP, such as
                  changes to inventory balance, inventory location, or financial records.

               
               
               
               Exhibit 5-26, from Ross, Distribution Planning and
                     Control, shows possible transaction points in a system:

               
               
               
               
                  
                  
                  	
                     
                     
                     An order is received and checked.

                     
                     

                  
                  
                  
                  	
                     
                     
                     A
                        defective portion of the order may be returned to the supplier.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The
                        remainder of the order is put into inventory.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Eventually
                        some work-in-process (WIP) stock is issued to a production point.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The
                        loss of stock through waste is recorded, as are the moves of WIP
                        to another production point or into finished goods inventory.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The
                        picking of finished goods from inventory is recorded, as is the
                        shipment to the customer.

                     
                     
                     
                     
                        Exhibit 5-26: Inventory Transaction Points[image: This image shows various inventory transaction points, where updates to inventory records occur during the process of goods movement. Go to long description for more details.]
                     
                        Source:
                           David F. Ross. Distribution Planning
                              and Control—Managing in the Era of Supply Chain Management.
                           Used with permission.
                        

                     
                        Go to long description.
                        

                     
                     
                     

                  
                  

               
               
               
               This type of transaction
                  management provides beginning-to-end visibility of inventory.

               
               
               
               Creating an effective inventory
                  transaction system requires the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     The creation and communication
                        of policies regarding inventory handling. This includes expectations
                        of employee performance and consequences for not following policies.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Development
                        of processes and tools to implement those policies. Inventory flow
                        is mapped to identify key points, and appropriate methods for tracking
                        are implemented—e.g., signed paperwork, digital signatures, tracking
                        identification on inventory.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Delivery
                        of training to inventory personnel to ensure that they know what
                        to do and how to use tools provided.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Commitment
                        to periodic auditing of the system to monitor compliance to policies and
                        procedures and to identify and correct system weaknesses.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Inventory Review Approaches

            
            
            
            
               
               
               Inventory balance reviews
                  can be conducted periodically or continuously.

               
               
               
               
                  
                  Periodic
                     Inventory Review

                  
                  
                  In an inventory control system using fixed period review,
                     the inventory balance is checked at designated intervals to see if the order
                     point has been triggered (or will be triggered soon). The interval used may
                     vary, from days to weeks, months, or quarters. These are fairly simple systems
                     and often do not require computers. In the ABC classification, slow-moving or
                     generic items are usually in the C category, but bulk commodities or sets of
                     items frequently ordered together as an assortment may also fall in this
                     category.

                  
               
               
               
               
                  
                  Continuous
                     Inventory Review

                  
                  
                  The ASCM Supply Chain Dictionary defines
                     a continuous review system as
                     follows:

                  
                  
                  
                     
                     A process by which a supplier is notified
                        daily of actual sales or warehouse shipments and commits to replenishing
                        these sales (for example, by size or color) without stockouts and
                        without receiving replenishment orders. The result is a lowering
                        of associated costs and an improvement in inventory turnover.

                     

                  
                  
                  Continuous inventory review
                     can be conducted physically or through the use of an inventory management
                     system.

                  
                  
                  Physical review
                     approaches include visual review and two-bin systems. A visual review system is a “simple
                     inventory control system in which the inventory reordering is based
                     on actually looking at the amount of inventory on hand” (ASCM Supply Chain Dictionary). This may be appropriate
                     for small, low-cost, and high-use items (probably classified as
                     C items in ABC analysis). The ASCM Supply Chain Dictionary defines
                     a 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.

                     

                  
                  
                  The term “two-bin” has
                     become figurative and is applied to other types of inventory systems.

                  
                  
                  Continuous review systems tend to be better when inventory
                     depletes quickly and when higher levels of service are required. There is
                     greater awareness of inventory levels at every point and less chance of
                     stockouts.

                  
                  
                  Computerized inventory management systems allow greater control
                     and are especially valuable in integrated systems where inventory moves between locations.
                     Typically, items are tagged (e.g., with a barcode or a radio frequency identification
                     tag) and
                     scanned when they are released from inventory. The current inventory levels are continually
                     updated
                     by the inventory management system. When the inventory balance reaches a set point,
                     a replenishment
                     order is automatically created and forwarded to the supplier.

                  
                  
                  This type of perpetual
                     inventory review represents greater investment than that required
                     for periodic review and is most appropriate for high-value and/or
                     high-risk inventory (inventory typically classified as A in ABC
                     analysis).

                  
               
               

            
            

         
         
         
         
            
            
            Inventory Auditing

            
            
            
            
               
               
               The goal of inventory auditing is to measure, confirm, and
                  improve inventory accuracy. A complete physical inventory can be done as an event
                  or
                  a periodic cycle counting method can be used throughout the year. Whatever method
                  is
                  used, the outcome is either confirmation of inventory levels or analysis of the
                  reasons for discrepancies. This analysis offers the opportunity of continuous
                  process improvement. Note that either method requires some organizing and
                  pre-staging to ensure that the counting is accurate and efficient, and methods such
                  as tagging pallets with a different color sticker each count can help identify
                  inactive inventory. Inventory auditing can satisfy many compliance requirements, so
                  this is also discussed.

               
               
               
               
                  
                  Physical Inventory

                  
                  
                  
                  
                  Even in inventory management systems equipped
                     with continuous inventory technology, physical inventory audits are necessary
                     for financial control and for accounting reasons—to establish the value of
                     inventory at the end of the financial performance reporting period. The data
                     from an inventory audit can also be used to improve the management system.

                  
                  
                  
                  The goal of inventory auditing is to measure, confirm,
                     and improve, if necessary, inventory
                        accuracy, which is defined in the
                     ASCM Supply Chain Dictionary as

                  
                  
                  
                  
                     
                     when the on-hand quantity is within an
                        allowed tolerance of the recorded balance. This important metric usually is
                        measured as the percent of items with inventory levels that fall within
                        tolerance. Target values usually are 95 percent to 99 percent, depending on
                        the value of the item. For logistical operations (location management)
                        purposes, it is sometimes measured as the number of storage locations with
                        errors divided by the total number of storage locations.

                     

                  
                  
               
               
               
               
                  
                  Cycle Counting

                  
                  
                  
                  
                  Complete physical inventory counts of all inventory all
                     at once are difficult and costly to accomplish. While operations continue,
                     inventory amounts are dynamic, and they are inaccurate as soon as they are
                     measured. If operations are suspended, the business’s productivity suffers. As a
                     result, many businesses use cycle counting, defined in the ASCM Supply Chain Dictionary as

                  
                  
                  
                  
                     
                     an inventory accuracy audit technique in
                        which inventory is counted on a cyclic schedule rather than once a year. A
                        cycle inventory 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). Most effective cycle counting systems
                        require the counting of a certain number of items every workday, with each
                        item counted at a prescribed frequency. The key purpose of cycle counting is
                        to identify items in error, thus triggering research, identification, and
                        elimination of the cause of the errors.

                     

                  
                  
                  
                  In other words, rather than conducting a
                     complete count of all inventory items at one time, the business counts all
                     inventory items but in groups and at different frequencies.

                  
                  
                  
                  The most common method of cycle counting uses
                     the ABC classification. A items are counted more often—e.g., weekly or monthly.
                     B and C items are counted less frequently—perhaps quarterly for B items and
                     annually for C items.

                  
                  
                  
                  Here are some other approaches to cycle
                     counting:

                  
                  
                  
                  
                     
                     	
                        
                        
                        The zone method conducts the count area
                           by area until it is complete and then begins again. For example, a
                           warehouse may be divided into eight sectors, A through H. The count
                           begins with A and, when A is finished, proceeds to B, and then on in the
                           same manner to the remaining sectors. When H is finished, the count
                           begins again.

                        
                        

                     
                     
                     	
                        
                        
                        Since inventory is low before
                           replenishment, some businesses do counts before orders are put away.

                        
                        

                     
                     
                     	
                        
                        
                        In demand order pick, the worker
                           picking an item from inventory conducts a count and notes remaining
                           inventory on the order paperwork.

                        
                        

                     
                     
                     	
                        
                        
                        The frequency of the cycle count may be
                           triggered by the number of item transactions that have occurred.

                        
                        

                     

                  
                  
               
               
               
               
                  
                  Inventory Compliance

                  
                  
                  
                  
                  In some locations, such as the United
                     States, publicly traded companies are required to perform a physical inventory
                     annually. This is both to prove that inventory records accurately reflect the
                     actual physical inventory and to provide the organization with an opportunity to
                     correct inventory inaccuracies. Due to the regulatory requirements of this type
                     of inventory, it typically focuses more on the financial valuation of the
                     physical inventory, not the actual count or condition of the inventory. An
                     external auditor is often involved in supervising such inventory audits to
                     provide stakeholders with assurance that the count was conducted in a
                     transparent and comprehensive manner.

                  
                  
                  
                  Inventory compliance can go beyond validating compliance with inventory accuracy
                     for financial regulators. Inventory compliance can address any area for which
                     there are internal inventory policies, inventory policies set by influential
                     supply chain partners, or regulators. Validating compliance in the following
                     areas can help maintain contract compliance (e.g., for 3PLs) and avoid
                     unnecessary inventory costs, fines or fees, refusal of shipments, returns, or
                     loss of customers:

                  
                  
                  
                  
                     
                     	
                        
                        
                        
                           
                              Inventory targets:
                              
                           Validate
                              that inventory minimums and maximums are within acceptable
                              parameters per SKU.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Safety stock targets:
                              
                           Validate
                              that safety stock targets are being adhered to per SKU.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Inventory visibility and environmental requirements:
                              
                           Validate
                              that inventory meets chain-of-custody, temperature (e.g., warehouse
                              door compliance), humidity, security, and turnover requirements
                              (e.g., perishable goods comply with first expiry, first out
                              requirements).
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Customer inventory prepping requirements:
                              
                           Verify
                              that unit loads are per customer requirements such as proper pallets
                              or slip sheets, proper TiHi pallet stacking, shrinkwrapping, the
                              proper mix of items, plus labeling and packing.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Inventory labeling requirements:
                              
                           Labeling
                              is compliant with language requirements, barcoding requirements,
                              instructions such as “sold as a set,” expiration dates, and
                              hazard/safety labeling.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Box and packing requirements:
                              
                           Boxes
                              comply with dimensional size and weight maximums, and protective
                              packaging is compliant (e.g., Fulfillment by Amazon does not allow
                              loose packing such as packing peanuts). 
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Staff training requirements:
                              
                           Validate
                              staff are trained in and comply with manual lifting and working from
                              height requirements, equipment use requirements, and inventory
                              storage/retrieval process requirements.
                           

                        
                        

                     

                  
                  
                  
                  For each compliance area, the organization should monitor and control compliance
                     using metrics, such as reportable environmental, health, and safety incidents,
                     plus the total number of compliance failures per year.

                  
                  
               
               

            
            

         
         
   
      
         
         
         
         Develop and Monitor Inventory
            Performance Metrics

         
         
         
         
            
            
            The primary performance metrics associated with inventory
               management are inventory accuracy (discussed elsewhere), inventory control, and inventory
               efficiency.

            
            

         
         
         
         
         
            
            
            Inventory Control Metrics

            
            
            
            
               
               
               Inventory control metrics assess a business’s
                  ability to maintain stock at sufficient but not excessive supply levels. Performance
                  here
                  has financial and customer service implications. The goal driving this performance
                  metric is
                  inventory reduction. If the inventory level can be reduced, then the costs of carrying
                  inventory and the risks of carrying excessive and potentially obsolete inventory are
                  also
                  reduced.

               
               
               
               Inventory control may be measured in days’ inventory outstanding
                  (DIO) or weeks of supply (in units or currency value). The basic formulas are

               
               
               
               
                  
[image: ../images/5b-5_1_-_inventory_control_metrics_01_id179PD100H4Y_mathml_87_width_932.png]

                  

               
               
               
               The goal is a lower ratio, which would reflect success in
                  reducing inventory. For example, say that average inventory for a SKU is 1,000. If
                  average
                  daily use is 100, the DIO is 10. If use is 200, the DIO is 5.

               
               
               
               This metric must be compared with customer service metrics, such as order
                  cycle time and fill rate. The ASCM Supply Chain Dictionary
                  defines order fill rate as

               
               
               
               
                  
                  1) A measure of customer orders
                     fulfilled from stock, usually expressed as a percentage. In a make-to-stock company,
                     this
                     percentage usually represents the number of items or dollars (on one or more customer
                     orders) that were shipped on schedule for a specific time period, compared with the
                     total
                     that were supposed to be shipped in that time period. 2) In a make-to-order company,
                     usually some comparison of the number of jobs or dollars shipped in a given time period
                     (e.g., a week) compared with the number of jobs or dollars that were supposed to be
                     shipped in that time period.

                  

               
               
               
               If inventory is at a level that leads to delayed or
                  unfilled orders, it is not well controlled.

               
               
               
               Specific target ratios may be set for each SKU or groups
                  of SKUs—perhaps using the ABC inventory classification system. If inventory levels
                  are
                  assessed as excessive, inventory reduction methods can be applied. These include:

               
               
               
               
                  
                  
                  	
                     
                     
                     Review of demand forecasting
                        methods

                     
                     

                  
                  
                  
                  	
                     
                     
                     Re-analysis of usage and lead
                        times

                     
                     

                  
                  
                  
                  	
                     
                     
                     Recalculation of order
                        quantities

                     
                     

                  
                  
                  
                  	
                     
                     
                     Reduction of safety stock
                        level

                     
                     

                  
                  
                  
                  	
                     
                     
                     Application of ABC
                        classification

                     
                     

                  
                  
                  
                  	
                     
                     
                     More accurate or frequent cycle
                        counting

                     
                     

                  
                  
                  
                  	
                     
                     
                     Monitoring of supplier
                        deliveries

                     
                     

                  
                  
                  
                  	
                     
                     
                     Vendor-managed or consignment
                        inventory.

                     
                     

                  
                  

               
               
               
               For the purposes of continuous improvement, businesses
                  may regularly review SKU classifications and the appropriateness of their inventory
                  targets.

               
               
               
               Forecasting error can have a significant impact on an
                  organization’s inventory control efforts.

               
               
               
               Inventory control also applies to inventory accuracy as discussed elsewhere and ensuring
                  inventory remains saleable using metrics such as the damaged and loss rate (e.g.,
                  number of
                  items damaged divided by number of items dispatched per period. Inventory shrinkage
                  targets
                  can be set as a threshold (e.g., <0.3 percent).

               
               

            
            

         
         
         
         
            
            
            Inventory Efficiency Metrics

            
            
            
            
               
               
               Inventory efficiency is
                  measured by the cycle from order to replenishment. This is called inventory turnover, “the
                  number of times that an inventory cycles, or turns over, during the year” (partial
                  definition from the ASCM Supply Chain Dictionary). The
                  number of inventory turns is generally seen as an indicator of a business’s efficiency
                  in
                  managing inventory level and effectiveness in selling product. A business with a higher
                  number of turns maintains lower average inventory and has lower inventory carrying
                  costs,
                  including less risk of obsolete inventory. Turnover is generally better when it is
                  higher,
                  but it is industry specific and too high of turnover could indicate higher stockout
                  risk.

               
               
               
               Inventory turnover is usually determined by dividing a
                  measure related to revenue or sales for a specified period by the value of average
                  inventory. Average inventory should be based on multiple measurements, not just an
                  annual
                  measurement. The revenue measure can vary in different businesses and can include
                  the
                  following:

               
               
               
               
                  
                  
                  	
                     
                     
                     Cost of goods sold. This is the revenue factor most commonly used in calculating
                        inventory turns, because COGS is considered before the profit margin is
                        calculated.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Sales revenue. This should yield results similar to COGS unless the business has
                        changed its gross profit margin during the period. A higher gross profit margin would
                        inflate sales revenue and result in a higher number of inventory turns.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Units sold. This is most appropriate for inventory whose cost or selling price
                        may fluctuate greatly during a time period, for example, gasoline.

                     
                     

                  
                  

               
               
               
               The formulas for calculating the inventory turnover rate
                  using these different revenue factors are

               
               
               
               
                  
[image: ../images/5b-5_2_-_inventory_efficiency_metrics_01_id179PE040EXW_mathml_88_width_1269.png]

                  

               
               
               
               For example, a retail bakery reports an annual COGS of
                  US$500,000. The value of its inventory (including safety stock) at the end of last
                  year is
                  US$50,000—beginning inventory. The value at year end—ending inventory—is US$52,000.
                  The
                  simple average of these values is used below to determine average inventory.

               
               
               
               
                  
[image: ../images/5b-5_2_-_inventory_efficiency_metrics_02_id179PE0D08QN_mathml_89_width_723.png]

                  

               
               
               
               The retail bakery can compare or benchmark its
                  performance against its own previous performance or industry performance results.
                  If it
                  finds that it is not managing inventory as efficiently as it used to or as competitors
                  do,
                  it can do further analysis to identify possible causes.

               
               
               
               Using COGS and the annual average inventory, analysts can also calculate the annual
                  average
                  age of inventory using this formula:

               
               
               
               
                  
[image: ../images/5b-5_2_-_inventory_efficiency_metrics_03_equation-block_nh1_5b1_jbc_mathml_90_width_1132.png]

                  

               
               
               
               About every 37 days, the organization has one full inventory turn. Looking at inventory
                  turnover in this way can help with competitor comparisons when they measure turnover
                  in this
                  way and can also help with obsolescence or perishability analysis.

               
               
               
               Note that while the average age of inventory metric is useful for determining the
                  velocity
                  of inventory (the average amount of time it is held), the days inventory outstanding
                  metric
                  discussed earlier is better for addressing how much inventory should be on hand based
                  on how
                  fast it is selling.

               
               
               
               Be aware of the danger of too much focus on inventory
                  efficiency metrics. This may lead to average inventory so low that the business cannot
                  meet
                  its desired customer service level. Organizations should include other types of metrics
                  to
                  create a more complete measurement of performance.

               
               

            
            

         
         
   
      
         
         
         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.

            
            
            [image: A diagram illustrating the logistics planning and control model. Go to long description for more details.]
                  
                  
                  At the top, the Organizational and Supply Chain Strategy informs the
                     Logistics Strategy, which is supported by Logistics
                        Tactics/Operations and Capacity.

                  
                  
                  
                  Below this, key components of logistics management are displayed in vertical
                     pillars:

                  
                  
                  
                  
                     
                     	
                        
                        Demand Management

                        

                     
                     
                     	
                        
                        Customer and Order Management

                        

                     
                     
                     	
                        
                        Warehouse Distribution and Fulfillment Management

                        

                     
                     
                     	
                        
                        Inventory Management

                        

                     
                     
                     	
                        
                        Transportation Management

                        

                     
                     
                     	
                        
                        Supply Management

                        

                     

                  
                  
                  
                  These pillars are supported by broader logistics concepts, including:

                  
                  
                  
                  
                     
                     	
                        
                        Global Logistics

                        

                     
                     
                     	
                        
                        Sustainability

                        

                     
                     
                     	
                        
                        Reverse Logistics

                        

                     
                     
                     	
                        
                        Risk Management

                        

                     
                     
                     	
                        
                        Logistics Framework and Metrics

                        

                     
                     
                     	
                        
                        Network (Re-)Design

                        

                     

                  
                  
                  
                  The diagram is enclosed in a loop that highlights the ongoing processes of
                     Continuous Improvement and Digital Transformation, suggesting
                     that these elements are crucial for evolving and refining logistics operations
                     within an organization.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 5-1: Inventory in the Supply Chain
[image: This image shows the flow of inventory through a supply chain, starting from suppliers and moving through manufacturers or fabricators, distribution centers, and retail outlets, with a focus on different types of inventory at each stage. Go to long description for more details.]
                  
                  
                  The image outlines inventory in the supply chain and highlights different stages of
                     inventory flow:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Suppliers:

                        
                        
                        
                        
                           
                           	
                              
                              Raw materials or components

                              

                           
                           
                           	
                              
                              MRO (maintenance, repair, operating supplies)

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Manufacturer or Fabricator:

                        
                        
                        
                        
                           
                           	
                              
                              Raw materials

                              

                           
                           
                           	
                              
                              Work in process

                              

                           
                           
                           	
                              
                              Finished goods

                              

                           
                           
                           	
                              
                              MRO

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Distribution Centers:

                        
                        
                        
                        
                           
                           	
                              
                              Packaged goods

                              

                           
                           
                           	
                              
                              Bulk packaged goods

                              

                           
                           
                           	
                              
                              Cycle stock

                              

                           
                           
                           	
                              
                              Postponement parts

                              

                           
                           
                           	
                              
                              MRO

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Retail Outlet:

                        
                        
                        
                        
                           
                           	
                              
                              Packaged goods

                              

                           
                           
                           	
                              
                              MRO

                              

                           

                        
                        

                     

                  
                  
                  
                  Each stage is enclosed within a blue-bordered box, and arrows indicate the in-transit
                     or pipeline flow of goods between these stages in the supply chain.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 5-2: Decoupling Points in Service and Manufacturing Industries
[image: A table categorizing different manufacturing/service environments and provides detailed examples for each category across various columns. Go to long description for more details.]
                  
                  
                  There are 5 columns: Manufacturing/service environment,
                     buyer/product/seller, finished or packaged goods at supplier, subassemblies or
                     components at supplier, and components at supplier’s suppliers.

                  
                  
                  
                  Rows and Examples:

                  
                  
                  
                  
                     
                     	
                        
                        
                        MTS (Make-to-Stock)

                        
                        
                        
                        
                           
                           	
                              
                              
                              Department store/ready-to-wear suits/manufacturer: Ready-to-wear suits
                                 are listed as finished goods at the supplier.

                              
                              

                           
                           
                           	
                              
                              
                              Consumer/500-count pain relief tablets/grocer: 500-count containers are
                                 listed as finished goods at the supplier.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        ATO (Assemble-to-Order)

                        
                        
                        
                        
                           
                           	
                              
                              
                              Consumer or retailer/laptop computers/manufacturer: Hard drives,
                                 keyboards, processors are listed as subassemblies or components at the
                                 supplier.

                              
                              

                           
                           
                           	
                              
                              
                              Retailer/5- and 10-packs of disposable razors/distributor: Packaging
                                 materials and razors are listed as subassemblies or components at the
                                 supplier.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        MTO (Make-to-Order)

                        
                        
                        
                        
                           
                           	
                              
                              
                              Consumer/men’s custom (bespoke) suit/custom tailor: Fabric, thread,
                                 buttons are listed as subassemblies or components at the supplier.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        ETO (Engineer-to-Order)

                        
                        
                        
                        
                           
                           	
                              
                              
                              Consumer/men’s custom (bespoke) suit/custom tailor: Nonstandard fabric,
                                 buttons, thread are listed as components at the supplier’s suppliers.

                              
                              

                           
                           
                           	
                              
                              
                              Cruise ship operator/cruise ship/shipbuilder: Components not yet
                                 specified by design are listed as components at the supplier’s suppliers.

                              
                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 5-5: Inventory and Time
[image: This chart breaks down the different steps and time required to turn a cherry tree into a bookcase, highlighting both value-added and non-value-added time for each step in the process. It presents a total pipeline time of 170 days, with 35 days attributed to value-added time and 135 days to non-value-added time. Go to long description for more details.]
                  
                  
                  The table has three columns: “Event,” “Value-Added Time (Days),” and “Non-Value-Added
                     Time (Days).” Under the “Event” column, each production step is listed, along with
                     inventory descriptions in italics to denote the stage of the supply chain. The
                     value-added time and non-value-added time for each step are noted, with the
                     non-value-added times shown in italics.

                  
                  
                  
                  Key points from the table:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Trees cut: Value-added time is 5 days and non-value-added time is 30 days
                              (Supplier inventory).

                        
                        

                     
                     
                     	
                        
                        
                        Transit: Value-added time is 3 days and there is no non-value-added time.

                        
                        

                     
                     
                     	
                        
                        
                        Sawing into planks and drying, including kiln: Value-added time is 3 days and 21
                           days, respectively, and non-value-added time is 15 days (Supplier
                              inventory).

                        
                        

                     
                     
                     	
                        
                        
                        Transit: Value-added time is 5 days and there is no non-value-added time.

                        
                        

                     
                     
                     	
                        
                        
                        Receiving and sorting: Value-added time is 1 day and non-value-added time is 10
                              days (Factory inventory).

                        
                        

                     
                     
                     	
                        
                        
                        Planing and sanding: Value-added time is 3 days and non-value-added time is 5
                              days (Factory inventory).

                        
                        

                     
                     
                     	
                        
                        
                        Cutting and piecing: Value-added time is 5 days and non-value-added time is 5
                              days (Factory inventory).

                        
                        

                     
                     
                     	
                        
                        
                        Assembly: Value-added time is 10 days and non-value-added time is 10 days
                              (Factory inventory).

                        
                        

                     
                     
                     	
                        
                        
                        Lacquering and inspection and correction: Value-added time is 3 days and 2 days,
                           respectively, and non-value-added time is 20 days (Factory inventory).

                        
                        

                     
                     
                     	
                        
                        
                        Dispatch: Value-added time is 2 days and there is no non-value-added time.

                        
                        

                     
                     
                     	
                        
                        
                        Receipt and put-away at distributor: Value-added time is 2 days and non-value-added
                           time is 20 days (Distributor inventory).

                        
                        

                     
                     
                     	
                        
                        
                        Transit: Value-added time is 1 day and there is no non-value-added time.

                        
                        

                     
                     
                     	
                        
                        
                        Receipt and put-away: Value-added time is 1 day and non-value-added time is 20
                              days (Retailer inventory).

                        
                        

                     

                  
                  
                  
                  
                     
                     	
                        
                        
                        Subtotals:

                        
                        
                        
                        
                           
                           	
                              
                              Value-Added Time: 35 days

                              

                           
                           
                           	
                              
                              Non-Value-Added Time: 135 days

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Total time in pipeline: 170 days

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 5-7: Decoupling
[image: This image shows a diagram illustrating the concept of decoupling in supply chains. It highlights two types of decoupling: (1) Decoupling manufacturing from supply, and (2) Decoupling final assembly from manufacturing. Go to long description for more details.]
                  
                  
                  This diagram shows two decoupling processes in a supply
                     chain:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Decoupling manufacturing from supply: The
                           image shows inputs from suppliers (Aluminum
                           suppliers, Instrumentation suppliers, and Interior
                           components suppliers) being stored as inventories
                           (Aluminum inventory, Instrumentation components
                           inventory, and Interior components inventory)
                           before they are sent to manufacturing
                           processes.

                        
                        
                        
                        
                           
                           	
                              
                              Aluminum inventory is used for both fuselage
                                 manufacturing and pontoon manufacturing.

                              

                           
                           
                           	
                              
                              Instrumentation components inventory and
                                 interior components inventory are sent directly to
                                 final assembly.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Decoupling final assembly from
                              manufacturing:

                        
                        
                        
                        
                           
                           	
                              
                              Fuselage manufacturing results in fuselage
                                 inventory.

                              

                           
                           
                           	
                              
                              Pontoon manufacturing results in pontoon
                                 inventory.

                              

                           
                           
                           	
                              
                              The fuselage and pontoon inventories, along
                                 with the other component inventories, are
                                 eventually used in the final assembly and finish
                                 work. This process is triggered by a customer
                                 order.

                              

                           

                        
                        

                     

                  
                  
                  
                  The diagram uses arrows to show the flow of materials through
                     the inventory points, manufacturing stages, and into final
                     assembly.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 5-13: Order Point (or Reorder Point, ROP)
[image: A graph representing the concept of the Order Point (or Reorder Point, ROP) in inventory management. Read long description below.]
                  
                  
                  The graph illustrates the relationship between inventory levels
                     (on the y-axis labeled “Units”) and time (on the x-axis labeled “Time”). The inventory
                     level starts high and decreases steadily over time as stock is consumed. When it
                     reaches a specific level, marked as the “Order point” with a circle and arrow, an
                     order is placed. The lead time (the time between ordering and receiving the stock)
                     is
                     shown by an arrow labeled “Lead time.” Once the lead time passes, the inventory level
                     spikes back up as the order is received. This cycle repeats multiple times, showing
                     the process of ordering when the inventory reaches the reorder point to maintain stock
                     levels.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 5-14: Fixed Order Period Approach
[image: This image shows a fixed order period approach for managing inventory, illustrating order points, order quantities, lead times, and the relationship between inventory levels and time. Read long description below.]
                  
                  
                  The y-axis represents “Units in Inventory,” and the x-axis represents “Time.”
                     Inventory levels decrease steadily over time until they reach the “Order point,”
                     marked with a circle and label. At this point, an order is placed, and the order lead
                     time is shown below with an arrow labeled “Order lead time.”

                  
                  
                  
                  Once the order is received, the inventory level spikes back up to the “Maximum-level
                     (target) inventory,” indicated by a dashed line.

                  
                  
                  
                  The graph illustrates multiple cycles of this process:

                  
                  
                  
                  
                     
                     	
                        
                        Order quantity 1 (Q1) is represented by the distance from the order point to the
                           maximum level.

                        

                     
                     
                     	
                        
                        Q2 and Q3 show that while the order intervals are fixed, the order quantity varies
                           in each cycle, depending on how much inventory has been consumed by the time the
                           order is placed.

                        

                     

                  
                  
                  
                  The graph also shows that “Safety stock” is maintained at the bottom to buffer
                     against uncertainties.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 5-15: Fixed Order Quantity When Demand Is Predictable
[image: A graph representing the concept of the Order Point (or Reorder Point, ROP) in inventory management. Read long description below.]
                  
                  
                  The graph illustrates the relationship between inventory levels (on
                     the y-axis labeled “Units”) and time (on the x-axis labeled “Time”). The inventory
                     level
                     starts high and decreases steadily over time as stock is consumed. When it reaches
                     a
                     specific level, marked as the “Order point” with a circle and arrow, an order is placed.
                     The lead time (the time between ordering and receiving the stock) is shown by an arrow
                     labeled “Lead time.” Once the lead time passes, the inventory level spikes back up
                     as
                     the order is received. This cycle repeats multiple times, showing the process of
                     ordering when the inventory reaches the reorder point to maintain stock levels.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 5-16: EOQ Model
[image: This image shows the economic order quantity (EOQ) model. Go to long description for more details.]
                  
                  
                  The x-axis represents “Order Quantity,” and the y-axis represents “Annual Cost.” Three
                     curves are plotted:

                  
                  
                  
                  
                     
                     	
                        
                        Ordering (or setup) cost curve: this is a downward sloping curve, indicating
                           that ordering costs decrease as order quantities increase.

                        

                     
                     
                     	
                        
                        Carrying cost curve: an upward diagonal line, indicating that carrying costs
                           increase with larger order quantities.

                        

                     
                     
                     	
                        
                        Curve for total cost of carrying and ordering: this curve is U-shaped and
                           shows the total costs, which combine both carrying and ordering costs.

                        

                     

                  
                  
                  
                  The economic order quantity (EOQ) is the point where total costs are minimized,
                     represented by a black dot where the carrying and ordering cost curves intersect.
                     The
                     dashed vertical line from the EOQ point to the x-axis indicates the optimal order
                     quantity. Additionally, the minimum total cost is marked on the y-axis, aligning with
                     the EOQ. 

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 5-17: EOQ versus POQ
[image: This image compares the economic order quantity (EOQ) model, where 298 units are ordered, with the periodic order quantity (POQ) model, where orders are placed every 3 weeks. It shows the net requirements, planned order receipts, and ending inventory for 13 weeks. Read long description below.]
                  
                  
                  The table in the image is divided into two sections: one showing results for the EOQ
                     method and the other for the POQ method.

                  
                  
                  
                  
                     
                     	
                        
                        
                        EOQ of 298 units (top table):

                        
                        
                        
                        
                           
                           	
                              
                              Weeks 1 to 13 are shown in columns.

                              

                           
                           
                           	
                              
                              The first row displays net requirements for each week, varying between 0 and
                                 200 units.

                              

                           
                           
                           	
                              
                              The second row shows the planned order receipt of 298 units placed in week 1,
                                 4, 9, and 12.

                              

                           
                           
                           	
                              
                              The third row lists the ending inventory after accounting for net requirements
                                 and the order receipt. The sum of the ending inventory for all weeks is
                                 1,960.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        POQ of 3 weeks (bottom table):

                        
                        
                        
                        
                           
                           	
                              
                              Again, weeks 1 to 13 are shown in columns.

                              

                           
                           
                           	
                              
                              The first row lists net requirements, grouped in mostly 3-week intervals.

                              

                           
                           
                           	
                              
                              The second row displays planned order receipts placed after weeks 3, 6, 10,
                                 and 13, varying in quantity (e.g., 230, 240, 260, 450 units). Week 7 is has 0
                                 net requirements and is skipped, with the notation “order period can vary.”

                              

                           
                           
                           	
                              
                              The third row shows the ending inventory at the end of each week. The sum of
                                 the ending inventory for all weeks is 1,320.

                              

                           

                        
                        

                     

                  
                  
                  
                  The image illustrates the difference between ordering with a fixed EOQ and with
                     varying order quantities in a POQ system over a 13-week period.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 5-18: Fixed Order Quantity When Demand Is Uncertain
[image: The image illustrates how the fixed order quantity (EOQ) model works when demand is uncertain. Read long description below.]
                  
                  
                  This graph shows the fixed order quantity (EOQ) system where the order point triggers
                     a
                     replenishment order once inventory levels reach a predefined threshold. The timeline
                     is
                     shown in weeks, and the y-axis represents Units in Inventory.

                  
                  
                  
                  Key elements from the image:

                  
                  
                  
                  
                     
                     	
                        
                        Order point: The point at which inventory triggers an order for replenishment.

                        

                     
                     
                     	
                        
                        Order lead time: The time between placing an order and receiving the goods.

                        

                     
                     
                     	
                        
                        Order received: This marks the point when the ordered goods are received.

                        

                     
                     
                     	
                        
                        Order intervals can vary: The intervals between replenishment orders are not fixed;
                           they change based on demand.

                        

                     
                     
                     	
                        
                        Order quantity is fixed: A fixed quantity, such as the economic order quantity
                           (EOQ), is ordered each time the order point is reached.

                        

                     
                     
                     	
                        
                        Safety stock: A buffer of extra inventory held to protect against stockouts due to
                           demand uncertainty.

                        

                     

                  
                  
                  
                  The graph shows that the order quantity remains constant, but the intervals between
                     orders vary based on the demand. The inventory level decreases until the order point
                     is
                     reached, at which time a replenishment order is placed. Once the order is received,
                     the
                     inventory level rises to the maximum target level.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 5-24: ABC Classification in Inventory Management
[image: This graph displays a cumulative percentage distribution of items categorized into three classes (A, B, and C) based on their value. The x-axis represents the cumulative percentage of items, and the y-axis represents the cumulative percentage of value. Go to long description for more details.]
                  
                  
                   The graph has the following features:

                  
                  
                  
                  
                     
                     	
                        
                        
                        X-Axis: Labeled “Cumulative Percentage of Items,” it ranges
                           from 0% to 100%, in increments of 20%.

                        
                        

                     
                     
                     	
                        
                        
                        Y-Axis: Labeled “Cumulative Percentage of Value,” it ranges
                           from 0% to 100%, in increments of 5%.

                        
                        

                     
                     
                     	
                        
                        
                        Curve: A blue line that starts at the origin (0%, 0%) and
                           rises steeply at first, then gradually flattens out as it approaches
                           100% on both axes.

                        
                        

                     
                     
                     	
                        
                        
                        Classes:

                        
                        
                        
                        
                           
                           	
                              
                              Class A: Represents a small percentage of items (up to
                                 approximately 20%) that account for a large percentage of the
                                 total value (around 80%). This section is marked on the graph
                                 with the letter “A.”

                              

                           
                           
                           	
                              
                              Class B: Represents a moderate percentage of items (about
                                 20% to 50%) that contribute to a moderate percentage of the
                                 total value (approximately 15%). This section is marked with the
                                 letter “B.”

                              

                           
                           
                           	
                              
                              Class C: Represents a large percentage of items (50% to
                                 100%) that contribute to a small percentage of the total value
                                 (less than 5%). This section is marked with the letter “C.”

                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 5-26: Inventory Transaction Points
[image: This image shows various inventory transaction points, where updates to inventory records occur during the process of goods movement. Read long description below.]
                  
                  
                  The image provides a visual representation of inventory transaction
                     points. At the center is an inventory record (represented by a desk
                     with a computer) that tracks all inventory movements. Surrounding
                     the central inventory record are boxes indicating different types of
                     inventory transactions that affect the record. These include:

                  
                  
                  
                  
                     
                     	
                        
                        WIP issue

                        

                     
                     
                     	
                        
                        WIP scrap

                        

                     
                     
                     	
                        
                        WIP receipt

                        

                     
                     
                     	
                        
                        Finished goods

                        

                     
                     
                     	
                        
                        Interbranch transfer

                        

                     
                     
                     	
                        
                        Pick issue

                        

                     
                     
                     	
                        
                        Shipment

                        

                     
                     
                     	
                        
                        Adjustment

                        

                     
                     
                     	
                        
                        Internal move

                        

                     
                     
                     	
                        
                        Put-away

                        

                     
                     
                     	
                        
                        Receipt

                        

                     
                     
                     	
                        
                        Customer returns

                        

                     

                  
                  
                  
                  Each transaction type connects to the Inventory Record, indicating
                     that any of these actions will affect the inventory records.

                  
                  
               
               Go to image in text.
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