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         Module 3: Demand

         
         
         
         
            
            
            This module addresses planning and managing demand. The sections
               in this module are as follows:

            
            
            
            
               
               
               	
                  
                  
                  Section A, “Demand
                     Management,” looks at how to plan and use resources with profitable business
                     results. This section also covers customer relationship management,
                     determining how to make tradeoffs to optimize customer service, and how to
                     effectively communicate with customers. Then it addresses influencing
                     demand, product design tools, and product configuration.

                  
                  

               
               
               
               	
                  
                  
                  Section B, “Sources
                     of Demand/Forecasting,” reviews various demand channels and independent and
                     dependent demand. This section also covers forecasting, including how to
                     select the right forecasting method and then perform qualitative or
                     quantitative forecasting.

                  
                  

               
               
               
               	
                  
                  
                  Section C,
                     “Forecast Performance,” covers evaluating the results of forecasts and
                     improving their accuracy. It also addresses the bullwhip effect and what to
                     do about it, such as using collaborative planning, forecasting, and
                     replenishment.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Section A: Demand Management

         
         
         
         
            
            
            
               After completing
                  this section, students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Identify the
                     demand-side activities in the manufacturing planning and control
                     hierarchy

                  
                  

               
               
               
               	
                  
                  
                  Understand the
                     basic demand planning process of planning demand, communicating demand,
                     influencing demand, and prioritizing demand

                  
                  

               
               
               
               	
                  
                  
                  Understand the need
                     for reliable data

                  
                  

               
               
               
               	
                  
                  
                  List inputs to
                     demand management

                  
                  

               
               
               
               	
                  
                  
                  Explain each of the
                     “rights” needed to provide excellent customer service

                  
                  

               
               
               
               	
                  
                  
                  Support various customer segments based on needs,
                     business unit strategies, and required capabilities 

                  
                  

               
               
               
               	
                  
                  
                  Determine how to
                     segment customers based on value proposition,
                     customer usage patterns, and relative customer
                     profitability 

                  
                  

               
               
               
               	
                  
                  
                  Support customer relationship management (CRM) activities
                     determined by customer segmentation. 

                  
                  

               
               
               
               	
                  
                  
                  Review customer
                     order promising: available-to-promise (ATP) and capable-to-promise
                     (CTP)

                  
                  

               
               
               
               	
                  
                  
                  Set customer
                     service policies, safety stock levels, and performance targets

                  
                  

               
               
               
               	
                  
                  
                  Describe how to
                     maintain and optimize positive customer relationships using CRM
                     practices

                  
                  

               
               
               
               	
                  
                  
                  Maintain effective customer communications using
                     appropriate tools 

                  
                  

               
               
               
               	
                  
                  
                  Develop new product introduction (NPI)
                     schedules including 1) understanding design for
                     manufacture and assembly (DFMA) and modularization;
                     2) evaluating constraints that may impact the NPI
                     schedule, and 3) creating a prototype schedule in
                     consideration of supply and demand plans 

                  
                  

               
               
               
               	
                  
                  
                  Monitor KPIs in alignment with customer service
                     priorities 

                  
                  

               
               
               
               	
                  
                  
                  Describe metrics
                     for measuring customer value and service

                  
                  

               
               
               
               	
                  
                  
                  Monitor order delivery performance metrics 

                  
                  

               
               
               
               	
                  
                  
                  Explain how to influence demand to better align with
                     supply 

                  
                  

               
               
               
               	
                  
                  
                  Use the PDCA model
                     for systematic demand influencing, including use of a promotion life
                     cycle

                  
                  

               
               
               
               	
                  
                  
                  Support marketing strategies 

                  
                  

               
               
               
               	
                  
                  
                  Evaluate the impact of marketing promotions on demand,
                     capacity utilization, and inventory levels 

                  
                  

               
               
               
               	
                  
                  
                  Manage product
                     configuration, product changes, and product life
                     cycles 

                  
                  

               
               
               
               	
                  
                  
                  Use quality function deployment, the voice of the customer
                     (VOC), concurrent engineering, modular design,
                     postponement, and design for
                     manufacturability/maintainability 

                  
                  

               
               
               
               	
                  
                  
                  Support engineering changes, effectivity plans, and
                     revision control. 

                  
                  

               
               

            
            
            
            Here we provide an overview of demand
               management and its location in the manufacturing planning and control hierarchy. We
               also discuss demand management inputs and the overall demand management process.

            
            
            
            At the business plan level, customer needs are determined using various
               segmentation strategies. This is part of setting strategic
               objectives and competitive priorities. Determining useful customer
               segments and customizing demand management to segment needs is part
               of effective customer relationship management. 

            
            
            
            Customer management includes customer
               relationship management, which is both a philosophy of putting the
               customer first and a set of tools to ensure that this philosophy can
               be fulfilled by various customer-facing areas of the organization.
               The section also addresses customer service tradeoffs, which involve
               setting priorities related to inventory/backlog tradeoffs and
               capacity tradeoffs. Effective communication with customers is also
               discussed.

            
            
            
            Operations professionals must understand the role of marketing and
               product management professionals and, in particular, stay informed on planned
               promotions. This section reviews a number of quality systems and tools intended to
               ensure that products and services reflect customer requirements, have the required
               quality level, and can be developed in partnership with operations. Product
               configuration and engineering changes are also discussed.

            
            

         
         
         
         
   
      
         
         
         
         Demand Management Overview

         
         
         
         
            
            
            Here we provide
               an overview of demand management, first placing it in context in terms
               of manufacturing planning and control and then describing demand management
               activities. We also address demand management inputs and how quality controls
               and error checks should be used to ensure that the input data are
               reliable. Then we review the demand management process.

            
            

         
         
         
         
         
            
            
            Demand Management and MPC

            
            
            
            
               
               
               The management of demand is integrally related to
                  strategic and business planning. It is about how an organization uses information
                  to
                  formulate its service and manufacturing planning and control system as well as how
                  it communicates between functions. Different environments require situation-specific
                  demand management activities. The demand management process weighs both customer
                  demand and a firm’s supply-side capabilities and tries to balance the two. All
                  sources of customer demand must be identified and taken into account in order for
                  demand management, sales and operations planning, and master scheduling to be
                  successful and accurate.

               
               
               
               Demand management is
                  defined in the ASCM Supply Chain Dictionary
                  as:

               
               
               
               
                  
                  
                     1) The integration of demand planning upstream and downstream within the supply chain
                        to balance all sources of demand for goods and services with the firm's output capabilities
                        to generate profitable results. Demand management involves prioritizing demand when
                        supply is lacking and responds quickly to changes in demand. Demand management includes
                        the individual processes of planning demand, communicating demand, influencing demand,
                        and prioritizing demand. 2) In marketing and sales, the process of planning, executing,
                        controlling, and monitoring the design, pricing, promotion, and distribution of products
                        and services to bring about transactions that meet organizational and individual needs.
                        See: marketing management, demand planning.
                     

                  

               
               
               
               There are serious consequences when poor or
                  inappropriate demand management techniques are used that impact timely product
                  manufacturing and delivery—and ultimately customer satisfaction and organizational
                  profitability. Professionals involved in demand management must be knowledgeable of
                  and skilled at a range of demand management tasks and activities in order to deliver
                  the appropriate level of service to each customer segment.

               
               
               
               Exhibit 3-1, the manufacturing planning and control hierarchy, shows how demand
                  management is a major source of input to both strategic planning and priority
                  planning. Demand management and a key component, demand forecasting, are inputs to
                  both the S&OP process and the master scheduling process, but note that demand
                  forecasts are translated into a production plan during the S&OP process, and
                  this S&OP production plan ultimately drives the rest of the priority planning
                  process.

               
               
               
               
                  Exhibit 3-1: Manufacturing Planning and Control[image: This diagram represents the integration of demand-side activities, strategic and business planning, priority planning, supply-side activities, and production activity control in a manufacturing environment. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               While the S&OP production plan does represent the constrained demand (rather than
                  continuing to use the unconstrained demand shown in the input to that process, the
                  product family forecast), note that in the graphic, there is a line pointing from
                  demand management to the master scheduling process titled “detail (units).” This
                  refers to a more detailed forecast used as an input at the master scheduling level.
                  This more detailed forecast is called the sales mix forecast. It is the forecast of
                  the volume of each type of unit needed in the product family. This forecast is
                  constrained by the S&OP production plan in total volume.

               
               
               
               In addition to providing information to service
                  and manufacturing planning and its capacity planning functions, demand management
                  information is used to plan the efficient physical distribution of outbound products
                  based on promised dates of delivery, the timing of inventory restocking, and
                  shipments between plants. This information helps determine requirements for
                  transportation and warehouse capacity and product movement logistics.

               
               

            
            

         
         
         
         
            
            
            Demand Management Activities

            
            
            
            
               
               
               Demand management involves capturing data and monitoring
                  market trends and patterns based on trend forecasting
                     models, which are defined in the ASCM Supply Chain Dictionary as:

               
               
               
               
                  
                  
                     Methods for forecasting sales
                        data when a definite upward or downward pattern exists. Models include double
                        exponential smoothing, regression, and triple smoothing. See: trend
                        analysis.
                     

                  

               
               
               
               Aside from developing and analyzing forecasts,
                  demand management entails a number of other critical activities.
                  One of the major activities in demand management is identifying
                  demand in the defined market for a product or a proposed product. Other
                  sources of demand include

               
               
               
               
                  
                  
                  	
                     
                     
                     Demand from new and
                        existing customer segments, including demand for new items, new
                        features or options, new services, or regional or culture-specific variations

                     
                     

                  
                  
                  
                  	
                     
                     
                     Demand
                        from engineering prototypes, spare parts, demonstration stock, or inventory
                        phase-ins or phase-outs

                     
                     

                  
                  
                  
                  	
                     
                     
                     Requests
                        for discontinued products or obsolete replacement parts

                     
                     

                  
                  
                  
                  	
                     
                     
                     Difficult-to-forecast
                        products with low and/or erratic demand patterns and low, discontinuous
                        sales.

                     
                     

                  
                  

               
               
               
               Other key tasks in demand management are distinguishing
                  between unconstrained forecast and constrained production plans and between
                  independent and dependent demand. Customer demand is forecast for finished goods and
                  spare parts, and these sources represent independent demand. Production plans
                  outline how an organization will respond to the forecast’s estimate of the quantity
                  and timing of products needed by customers. The production plan is stated at an
                  aggregated product family level. The master production schedule (MPS) is then
                  derived from and is an output of the S&OP production plan. The MPS is stated at
                  the individual unit level with quantity details. Through a process that uses the MPS
                  and the bill of material, the demand for the components and raw materials are
                  calculated and stated in the material requirements plan. The calculated demand for
                  the components and raw materials is then classified as dependent demand, because the
                  amounts planned “depend” on the unit quantities in the production plan and the
                  component quantities per unit in the bill of material.

               
               
               
               A related activity
                  is reconciling the different sources of demand information.

               
               
               
               In order to understand market demand, all
                  aspects that may impact customer demand must be understood, including
                  economic conditions, local laws, and competition in the market.
                  Market demand can then be synchronized with company capabilities.

               
               
               
               Once an organization has identified and
                  synchronized demand, it must then set priorities for demand, which
                  govern how the organization will handle situations when supply does
                  not cover all demand. The organization can then make delivery promises.

               
               
               
               Demand management includes
                  customer relationship management (CRM), which is both a philosophy
                  of putting the customer first and a process used to promote customer
                  satisfaction and loyalty. For example, CRM links with manufacturing planning
                  and control to help keep customers up-to-date on product availability.

               
               
               
               Some organizations
                  invest in demand management software that can effectively do many
                  tasks simultaneously:

               
               
               
               
                  
                  
                  	
                     
                     
                     Gather market information.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Generate forecast information.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Screen and monitor performance.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Supply detailed action instructions.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Provide accurate product delivery information
                        for customers.

                     
                     

                  
                  

               
               
               
               Other demand management
                  activities include defining customer service levels and the corresponding
                  level of safety stock, entering customer orders into the order entry system
                  in a timely manner, and communicating regularly with customers about availability,
                  shipping, cost changes, etc.

               
               

            
            

         
         
         
         
            
            
            Data Reliability

            
            
            
            
               
               
               A well-designed forecasting process
                  with built-in methods for improving the accuracy of the process
                  can have a significant impact on strategic decision making (e.g.,
                  strategy setting, new product line development, mergers or acquisitions),
                  production planning, and master scheduling. While buffer inventories
                  or safety capacity can protect against stockouts and maintain high
                  customer service levels, improved forecast accuracy can improve
                  customer service and prevent accumulation of unnecessary, expensive inventory
                  in the first place.

               
               
               
               Despite the best
                  efforts of those developing forecasts, there are factors, either
                  internal or external to the organization, that impact the forecast
                  accuracy. Any number of product changes, special promotions, actions
                  taken by a competitor, local events or natural disasters, or changes
                  in the local or national economy can impact a forecast. For instance,
                  during the COVID-19 pandemic, hotels and tourism-related businesses were
                  financially devastated (as were many other sectors). The forecasts
                  of hotel bookings, car rentals, plane flights, and so on all had
                  to be significantly adjusted downward.

               
               
               
               When developing forecasts, planners need
                  to realize that forecasts inherently have a degree of error and
                  are best when used with a forecast error measuring technique. Forecasts
                  are

               
               
               
               
                  
                  
                  	
                     
                     
                     More accurate the
                        higher the aggregation

                     
                     

                  
                  
                  
                  	
                     
                     
                     Less accurate
                        the further into the future the forecast projects.

                     
                     

                  
                  

               
               
               
               Data used in demand
                  management activities must be appropriate, timely, and as accurate
                  as possible in order for the activities to function as needed. Important systems
                  like order entry and configuration management can quickly become unreliable
                  if the data they use are not reliable or the processes are not soundly developed.
                  Sometimes “red flags” may indicate that demand forecast data are
                  not accurate or timely. For instance, say that, despite a recent
                  economic downturn, a retailer of luxury leather suitcases has a
                  forecast that still projects sales of 2,500 units of its $1,500
                  garment bags for a month. This is an irregularity that needs to
                  be investigated. Any time sales or trends are not heading in the
                  same direction as the overall market, it defies logic and requires
                  a closer look. Both input and output data as well as calculated
                  data must be monitored for

               
               
               
               
                  
                  
                  	
                     
                     
                     Errors in inputs,
                        such as data that mix units of measure, have gaps/omissions, or exceed
                        minimum or maximum value limits

                     
                     

                  
                  
                  
                  	
                     
                     
                     Calculation
                        errors, such as the wrong formula used or formula errors

                     
                     

                  
                  
                  
                  	
                     
                     
                     Unusual
                        or unexpected trends in data that need to be investigated.

                     
                     

                  
                  

               
               
               
               Note that improving forecast accuracy is not just a
                  responsibility of demand management. Forecasts can have bias, meaning that there is
                  a consistent deviation from the actual results in one direction (consistently
                  understated or overstated versus actual results). 

               
               
               
               The supply side can help identify product categories that are
                  displaying bias and then help look for root causes such as something overlooked in
                  the demand management or forecast development process. Another common root cause is
                  the underlying behavior of participants. This could be the sales function not
                  trusting production to meet the production schedule and under-forecasting. It could
                  be production understating supply capability because sales has too often had urgent
                  orders to drop into the schedule. There may also be an incentive for the sales team
                  to over-forecast sales if this would guarantee inventory availability.

               
               
               
               Tracking forecast error, identifying and removing gaps in demand
                  data, and recognizing and removing bias can help improve forecast error.

               
               

            
            

         
         
         
         
            
            
            Demand Management Inputs and Process

            
            
            
            
               
               
               After discussing
                  some internal and external inputs to demand management, we cover the
                  demand management process at a high level.

               
               

            
            
            
            
               
               
               Demand Management Inputs

               
               
               
               
                  
                  
                  Important information for demand management is
                     embedded within information systems for processing orders, invoices,
                     and payments. Much of this information is automatically transmitted
                     through electronic data interchange (EDI) or internet connections.

                  
                  
                  
                  Demand management
                     inputs include

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Customer pipeline
                           information (prospective customers at various stages of the sales
                           cycle)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Customer
                           information, including customer segment, purchase history, detailed product
                           mix history, open orders, customer feedback, and so on

                        
                        

                     
                     
                     
                     	
                        
                        
                        Internal
                           demand (e.g., from research and development, trade shows, etc.)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Demand
                           from subsidiaries and other business units

                        
                        

                     
                     
                     
                     	
                        
                        
                        Demand
                           from the supply chain for replenishment

                        
                        

                     
                     
                     
                     	
                        
                        
                        External
                           market information, such as third-party industry analysis, data
                           on competitor results, or leading or lagging indicators from government
                           statistics.

                        
                        

                     
                     

                  
                  
                  
                  Customer relationship management software can be used to
                     secure more accurate insights into the current needs and preferences of customers
                     rather than relying on only historical data or projections.

                  
                  

               
               

            
            
            
            
               
               
               Demand Management Process

               
               
               
               
                  
                  
                  The demand management
                     process is a cycle, as shown in Exhibit 3-2.

                  
                  
                  
                  
                     Exhibit 3-2: Demand Management Cycle[image: A cyclical process with four stages. The process starts with “Planning demand” and proceeds through “Communicating demand,” “Influencing demand,” and “Managing and prioritizing demand” before pointing back to the first oval, completing the cycle.]
                  
                  
                  
                  
                  The
                     steps can be described as follows:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Planning demand includes
                           forecasting as well as aggregation of actual orders.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Communicating
                           demand is basically the demand side’s portion of the S&OP process.
                           S&OP starts with updated forecast and customer order data. Similarly, master
                           scheduling gets more detailed sales mix forecasts and updated information on
                           policies guiding priorities.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Influencing
                           demand includes marketing and sales activities with customers. It
                           also includes influencing product and brand management and the supply
                           side of the organization to recognize and support actual customer
                           expectations and requirements. In addition, marketing sets strategic
                           pricing and runs activities and promotions to generate awareness
                           and demand. Product positioning decisions can also influence demand.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Managing
                           and prioritizing involve rebalancing supply and demand. Demand balancing
                           includes deciding between tradeoffs when all demand cannot be met within
                           the desired customer lead time.

                        
                        
                        
                        At the service policy level, managing and
                           prioritizing demand can involve using customer segmentation to determine
                           which customers should receive higher priority than others. This
                           can be done by negotiating service level agreements with all customers
                           to reflect these policies. Customers who want a greater degree of
                           effort from the organization may be willing to accept higher pricing,
                           while other customers may accept service concessions to keep prices
                           lower.

                        
                        
                        
                        At the master
                           scheduling level, this involves identifying and adjusting orders
                           that will not meet the service level agreement guidelines. Orders
                           that cannot meet the guidelines should be highlighted, preferably
                           while they are still within the planning time fence (i.e., before
                           they get too close to the present and changes require master scheduler
                           approval). Where needed, these orders are renegotiated with customers
                           before reaching the demand time fence (i.e., before changes require
                           senior management approval).

                        
                        

                     
                     

                  
                  
                  
                  The various subprocesses or tools within
                     this overall cycle include customer relationship management, marketing
                     strategy, product management, demand forecasting, and order management.

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Customer Segments and Strategic
            Objectives

         
         
         
         
            
            
            Here we discuss how market research related to
               customers is an important strategic driver. We then introduce customer segmentation
               and the customer value proposition. The technique of the voice of the customer is
               addressed as a way to understand customer segment requirements. This is followed by
               a discussion of how to prioritize customer segments by the value they represent to
               the organization. The organization’s strategy should be refined to address the
               requirements of key customer segments.

            
            
            
            We also discuss the importance of setting strategic objectives and
               competitive priorities. Competitive priorities are often set at the functional and
               operational levels because they may differ widely based on the customer segments
               that a given function supports. 

            
            

         
         
         
         
         
            
            
            Strategic Drivers and Customer/Market
               Segments

            
            
            
            
               
               
               During the information-gathering phase of strategic planning,
                  the organization’s strategic drivers start to be identified. The ASCM Supply Chain Dictionary defines strategic
                     drivers as: “Factors that influence business unit
                     and manufacturing strategies.” These may be external factors, such as potential markets that are not being
                  served (or are being underserved) by competitors or intense levels of competition
                  that will require close control of costs. They may be internal factors, such as
                  capacity, expertise, and resources that can be used more fully to create a
                  competitive advantage. An additional category of factors relates to the
                  organization’s customer segments.

               
               
               
               Everything starts and ends with the customer. An
                  organization’s or business unit’s ability to satisfy its customers depends on the
                  rigor of the design process, which is where the goods or services originate.
                  Ultimately, well-prepared market research will identify customer needs that can be
                  tied to changes in specific attributes of existing products or might require new
                  products and new organizational and business unit capabilities.

               
               
               
               All organizations must keep the customer’s needs as the central
                  component of their approach to any product, process, or facility design and related
                  capability analysis and development. Information on customer needs, new product
                  attributes, current satisfaction, and customer retention is gathered through market
                  research. Market research into customer needs for products is approached in one of
                  two ways:

               
               
               
               
                  
                  
                  	
                     
                     
                     Inquiry—focus groups and telephone and
                        online surveys, to name a few

                     
                     

                  
                  
                  
                  	
                     
                     
                     Observation—observation of customer product
                        use in relevant conditions

                     
                     

                  
                  

               
               
               
               Performed properly, market research provides
                  background information on the gap between customer expectations and perceptions of
                  a
                  product. It also helps to determine if product loyalty is strong or weak.

               
               

            
            
            
            
               
               
               Identifying Market or Customer Segments

               
               
               
               
                  
                  
                  The ASCM
                        Supply Chain Dictionary defines market segmentation
                     as:

                  
                  
                  
                  
                     
                     A marketing strategy in which the total market is disaggregated into submarkets, or
                           segments, that share some measurable characteristic based on demographics, psychographics,
                           lifestyle, geography, benefits, and so forth. See: customer segmentation, demographic
                           segmentation.

                     

                  
                  
                  
                  The ASCM
                        Supply Chain Dictionary defines customer
                        segmentation as:

                  
                  
                  
                  
                     
                     The practice of dividing a customer base into groups that are similar in specific
                           ways relevant to marketing. Traditional segmentation focuses on identifying customer
                           groups based on demographics and attributes, such as attitude and psychological profiles.
                           See: market segmentation.

                     

                  
                  
                  
                  Market and customer segmentation are closely related terms,
                     with market segmentation being a broader form of segmentation and customer
                     segmentation being a refinement of market segmentation. That is, within a given
                     market segment, you can segment customers based on different attributes. For
                     example, in the mountain biker market segment, there can be customer segments for
                     different genders, ages, and skill levels. Market segmentation is typically used
                     more at the business strategy level, while customer segmentation is used more at the
                     functional strategy level such as for setting a marketing strategy.

                  
                  
                  
                  Segmentation can be used to improve services or products for
                     existing customers as well as to determine prospective customers. Segmentation
                     is often used in the starting stages of product design. It involves market
                     analysis and surveys of the preferences of existing customers. Basic questions
                     are typically used: Who? Where? When? Why? What? How many? These determine who
                     is interested in the product or service and where they are interested. The
                     answers to the questions constitute segmentation.

                  
                  
                  
                  The primary reason to identify and understand segments is
                     to increase the organization’s profits (or its equivalent) over the long term. When
                     discussing market or customer segments in the supply chain, there may be more than
                     one perspective of who the customer is. Broad customer segments might include
                     industrial, institutional, government, and consumer types. For example, consider the
                     following:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Intermediate customers are not at
                           the end of the supply chain. A raw material supplier may count several
                           manufacturers among its intermediate customers, and one or more of these
                           manufacturers could be grouped by similar requirements. Industrial customers
                           might have different groupings based on their priorities. Some industrial
                           customers will value short lead times, while others will value low price the
                           most. 

                        
                        

                     
                     
                     
                     	
                        
                        
                        Ultimate customers are the final
                           recipients of the products or services. The ultimate customer could be an
                           organization that is purchasing goods or services for its employees or
                           constituents, in which case segmentation must also differentiate between
                           organizational customers and end users. Consumer segments are often divided
                           further based on customer demographics, purchasing history, or even
                           profitability to the organization.

                        
                        

                     
                     

                  
                  
                  
                  Note that sales and marketing do not
                     create these segments; rather, they identify them out of the pool of actual and
                     potential customers and determine which ones should be focused on from a
                     marketing or service provision perspective. For example, this could involve
                     determining how to allocate the marketing budget among segments or crafting
                     service level agreements for specific segments to improve segment loyalty. The
                     best segments to target are those that can be served with existing or planned
                     capacity and capabilities and that place value on the organization’s core
                     competencies. Segments that are currently underserved by the market are
                     particularly attractive.

                  
                  
                  
                  We often think
                     of customers as external. The external customer label extends to any
                     organization whose needs must be met in planning, making, and selling a product.
                     However, customers can also be internal, such as a different business unit or a
                     different functional area. They are customers in the sense that they have demand
                     for the organization’s or functional area’s products or services. Internal
                     customers may or may not have a choice of suppliers and may need to be persuaded
                     that internal suppliers can satisfy their needs. If they have a choice, it is
                     important to address their concerns in the same way the organization would
                     address the concerns of an external customer.

                  
                  
                  
                  Market or customer segmentation information can come from
                     internal data such as online questionnaires or external sources such as industry
                     groups.

                  
                  
                  
                  For business-to-consumer (B2C) organizations, such as a
                     consumer packaged goods company, customer segments can refer to grouping consumers
                     into categories based on their demographics and other differentiating
                     characteristics. For other organizations, such as a business-to-business (B2B)
                     organization, a customer segment may actually represent a group of organizations
                     that make up an interconnected part of the downstream supply chain, such as
                     wholesalers. The most influential member of the external customer group often is the
                     economic buyer, or the organization whose budget funds the purchase (e.g., to an
                     automotive brake pad manufacturer, this would be the car manufacturer rather than
                     the brake assembly manufacturer). Many other functional groups have an influence on
                     purchases as well. The purchasing process needs to account for this. Organizations
                     can also have both consumer segments and business customer segments, such as a
                     roofing products company that sells to consumers through big box stores and to
                     homebuilders through direct sales.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Market/Customer Segmentation Strategy
               Formation

            
            
            
            
               
               
               Customer
                  segmentation focuses on several areas relevant to strategy formation:

               
               
               
               
                  
                  
                  	
                     
                     
                     The customer value proposition

                     
                     

                  
                  
                  
                  	
                     
                     
                     The customer experience, often revealed
                        through the voice of the customer

                     
                     

                  
                  
                  
                  	
                     
                     
                     The value of the segment to the
                        organization

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Customer Value Proposition

               
               
               
               
                  
                  
                  A valuable customer
                     segment to create is one that groups customers based on similar needs. The
                     critical issue is to determine what the segment values most from the
                     organization’s array of products, product features, and services. Part of this
                     analysis will also determine what the segment does not value and would rather
                     not pay for. The value proposition then becomes how to first provide those
                     required elements and then to ensure that the customer segment is aware of that
                     value. The organization does this using positioning, or ensuring that its image
                     and core values, its products and services, and its brands and marketing
                     reinforce the value proposition. In cases where different segments have
                     different value propositions, the organization may market differently to
                     different segments. For example, an organization that has low prices but also
                     invests in sustainability could emphasize low prices to one customer segment and
                     sustainability to another.

                  
                  
                  
                  In other
                     cases, demographic and geographic differences and so on may require
                     differentiation in the products and services themselves. In the case of consumer
                     products, it might mean changing the labeling, packaging size, product features,
                     and so on for different national, regional, or local markets.

                  
                  

               
               

            
            
            
            
               
               
               The
                  Voice of the Customer

               
               
               
               
                  
                  
                  The voice of the
                     customer is a way to gather direct input from customers regarding their needs
                     and experiences. Customer experiences are sometimes described as customer
                     behavior. This is how customers use the organization’s products and services. A
                     customer segment may use the organization’s offerings in novel ways. For
                     example, an elderly customer segment could use the organization’s sport tape
                     that was designed primarily for athletic injuries to treat chronic age-related
                     injuries.

                  
                  
                  
                  The objectives of the
                     voice of the customer are to understand and define customer segment needs and
                     views on quality; determine their interest in new products and service features;
                     understand the customers’ speed, dependability, and cost objectives; measure
                     their satisfaction; determine better ways to bundle or brand offerings; and
                     analyze customer loyalty and retention issues.

                  
                  
                  
                  All customers, even internal ones, have a choice of
                     suppliers. Knowing what your customers want can put you in contention as the
                     supplier of product with order-qualifier attributes; being able to differentiate
                     your product with one or more attributes gives your product order-winning
                     attributes.

                  
                  

               
               

            
            
            
            
               
               
               Customer Lifetime Value Analysis

               
               
               
               
                  
                  
                  The
                     Pareto principle applies to customers: About 80
                     percent of profits tend to come from just 20
                     percent of the customer base. Priority should be
                     given to the vital few because of their
                     contribution to profit. A customer lifetime value
                     analysis is one way to determine which customer
                     segments contribute most to profits. The process
                     calculates both the expense of acquiring and
                     serving the customer and the revenue the customer
                     is likely to provide over time. 

                  
                  
                  
                  These analyses usually show
                     that the value is negative at first, as
                     expenditures are made to acquire the customer and
                     ensure their satisfaction. Over time, the
                     situation reverses, as the customer makes repeat
                     purchases. This type of analysis can help show
                     that maintaining customer loyalty is far cheaper
                     than continually trying to acquire new customers.
                     Therefore, rather than just using the knowledge of
                     which customers are more valuable in order to
                     market more things to these segments, it is
                     important to determine how to develop greater
                     loyalty from these segments. This is vital to
                     long-term success.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Strategic Design Principles for
               Customers

            
            
            
            
               
               
               
                  Exhibit 3-3 orients us to the concept of
                  strategic process design principles applying at different levels. Here we focus on
                  local design principles (principles that influence the design of the internal
                  operations and their processes within the organization), because local design
                  changes are often what is needed to create the capacity for fulfilling customer
                  requirements.

               
               
               
               
                  Exhibit 3-3: Local Strategic Design Principles[image: A diagram illustrating three concentric circles labeled “Local,” “Network,” and “Global,” each with corresponding design principles. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               As seen in Exhibit 3-4, local strategic design principles often relate to specific customer
                  requirements.

               
               
               
               
                  Exhibit 3-4: Local Design Principles Related to Customer Requirements
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Principles

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Description

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Meet customer lead time
                                       expectations.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Order fulfillment
                                       strategies for products must meet customer lead time
                                       expectations for product delivery. These are generally
                                       consistent with the normal time it takes to fulfill the
                                       order using the most appropriate manufacturing environment.
                                       Lead time expectations for product delivery vary by type of
                                       product. Customers accept long lead times for ETO (engineer
                                       to-order) products such as ships and buildings; they expect
                                       very short lead times for MTS (make-to-stock) products such
                                       as consumer packaged goods. In between, in terms of lead
                                       time expectations, are make-to-order (MTO) and
                                       assemble-to-order (ATO) products.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Meet product design and
                                       quality requirements.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    The processes and
                                       equipment needed to transform raw materials into finished
                                       goods must meet the design and quality specifications of the
                                       product. On the other hand, product design can anticipate
                                       the production process required and design products for ease
                                       of manufacturing/assembly. The required quality of equipment
                                       and process design is also important when products have
                                       narrow specification limits for product quality and very low
                                       operational risk tolerances, such as turbines for jet
                                       engines.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Meet product variety and
                                       flexibility requirements.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Processes, equipment, and
                                       workers must have the flexibility to accommodate product
                                       variety. Custom MTO products, such as meals prepared in a
                                       full-service restaurant, require a high degree of equipment,
                                       process, and worker flexibility. Standard products such as
                                       beverages require specialized equipment dedicated to long
                                       production runs in a repetitive MTS bottling (filling)
                                       operation.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Meet quantity and capacity
                                       requirements.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Quantity and capacity
                                       requirements, along with product design, product variety,
                                       and volume, have a major impact on process design. If only
                                       one of an item is to be made, the product and process
                                       designs will be quite different than if the volume for a
                                       typical production run is several thousand units at regular
                                       intervals.

                                    
                                    
                                 

                              
                           

                        

                     
                     

                  
               
               
               
               If the organization is considering transitioning to a new
                  manufacturing planning and control (MPC) system design and/or a new manufacturing
                  environment, it is important to realize that these choices need to be driven by the
                  requirements of the market and, specifically, the requirements of targeted customer
                  segments. Exhibit 3-5 shows how market requirements (the customer) directly influence the
                  manufacturing environment design, which in turn impacts the design of the MPC
                  system.

               
               
               
               
                  Exhibit 3-5: Customer Impact on MPC System[image: A flowchart illustrating the interrelationship between market requirements, manufacturing tasks, and manufacturing process design, leading to the desired and current MPC systems. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               The first step in examining market
                  requirements is examining the customer base and any market segmentation changes.
                  Listening to customer feedback and making adjustments to the MPC system design are
                  not small tasks. As a result, it is important to differentiate between desired and
                  current MPC system options and features so that, through a prioritization process,
                  the organization can work on the most-important or easiest-to-implement areas first
                  while maintaining a backlog of potential improvements.

               
               

            
            

         
         
         
         
            
            
            Generic Performance Objectives

            
            
            
            
               
               
               While competitive priorities are performance
                  objectives at the functional and operational rather than the overall organizational
                  strategy level, it is important to consider them up front as they influence so many
                  other decisions. Operations Strategy describes
                  five generic performance objectives that can be prioritized to create strategic
                  advantage if they match the requirements of key customer segments: speed,
                  dependability, flexibility, quality, and cost. You may know some of these by
                  different names. An organization will select and prioritize objectives based on
                  factors including competitive strategy, customer segment requirements, stakeholders’
                  perceptions, sustainability strategy, product life cycles, and manufacturing
                  environment. Meeting its goals may require tradeoffs in the way the organization
                  weights these performance objectives.

               
               
               

            
            
            
            
               
               
               Speed

               
               
               
               
                  
                  
                  Speed refers to the time that elapses
                     between the beginning and the end of a sales transaction.

                  
                  
                  
                  The importance of speed as a performance
                     factor will vary among industries. Some require speed of response to customer
                     orders; the customers’ needs are time-sensitive. In order to compete more
                     effectively, some operations must be able to get products or services in front
                     of customers more quickly. For example, a winter jacket manufacturer must get
                     product out to stores in time to capture cold-weather sales. If the manufacturer
                     sells directly to consumers, it must ship the ordered jacket within a defined
                     period of time.

                  
                  
                  
                  A business strategy based on speed of
                     delivery is referred to as time-based competition
                        (TBC), defined in the ASCM Supply Chain Dictionary as:

                  
                  
                  
                  
                     
                     A broad-based corporate
                           strategy that emphasizes time as the vehicle for achieving and maintaining a
                           sustainable competitive edge. Its characteristics are as follows: (1) It deals only
                           with those lead times that are important to the customers, (2) the lead-time
                           reductions must involve decreases in both the mean and the variance, and (3) the
                           lead-time reductions must be achieved through system or process analysis (the
                           processes must be changed to reduce lead times). Reductions in lead times are
                           achieved by changing the processes and the decision structures used to design,
                           produce, and deliver products to the customers. TBC involves design, manufacturing,
                           and logistical processes.

                     

                  
                  
                  
                  Achieving speed requires analyzing
                     all the steps in the transaction and identifying opportunities for shortening
                     each step and the gap between steps.

                  
                  

               
               

            
            
            
            
               
               
               Dependability

               
               
               
               
                  
                  
                  Dependability refers to keeping promises
                     to customers, which could mean promised delivery time or promised volume. For
                     example, the jacket manufacturer may perform dependably—and with quality—when a
                     promised shipment of 100 jackets in the designated sizes and colors arrives at a
                     warehouse or retail store within the designated delivery period.

                  
                  

               
               

            
            
            
            
               
               
               Flexibility

               
               
               
               
                  
                  
                  Flexibility
                     has two dimensions: volume/mix and agility.

                  
                  
                  
                  “Volume/mix” flexibility refers to an operation’s ability to
                     provide a range of

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Different types of products or
                           services, to introduce new products/services and redesign existing
                           ones

                        
                        

                     
                     
                     
                     	
                        
                        
                        Different varieties of products
                           or services within a given time

                        
                        

                     
                     
                     
                     	
                        
                        
                        Different levels of output

                        
                        

                     
                     
                     
                     	
                        
                        
                        Different delivery dates—e.g.,
                           advancing a promised delivery date.

                        
                        

                     
                     

                  
                  
                  
                  Second, flexibility refers to
                     how quickly and efficiently an organization can respond to changes—to changing
                     production lines from one product to another, to responding to a customer’s need
                     for an earlier delivery date, or to increasing throughput to meet increased
                     demand. The ASCM Supply Chain Dictionary describes this ability
                     as product-mix flexibility:

                  
                  
                  
                  
                     
                     The ability to change over
                           quickly to other products produced in a facility, as required by demand shifts in
                           mix.

                     

                  
                  

               
               

            
            
            
            
               
               
               Quality

               
               
               
               
                  
                  
                  Quality can be described in two different
                     ways: by the specification of the attributes of the product or service and by
                     the compliance of the product or service with its specifications—in other words,
                     whether a product or service is perceived as delivering the expected
                     attributes.

                  
                  
                  
                  Quality specifications can vary widely.
                     Compare, for example, two winter jackets. Both are hip-length and have hoods. Beyond
                     those attributes, though, the two jackets vary greatly in their grade. The
                     high-grade jacket is made of more advanced fabric that offers better breathability,
                     is more resistant to wear, and has a more fashionable color. Its openings are sewn
                     to decrease the infiltration of cold air and water, and it has heavy-duty zippers.
                     The low-grade winter jacket is made with less-expensive fabric that will not wear
                     as
                     well; the jacket fasteners are lighter. The differences in the attributes translate
                     into the jackets’ costs and prices to consumers. As long as each consumer feels that
                     they have received the value they expected—whether that was for an expensive jacket
                     or a less-expensive one—the jacket has quality. It is fit for the consumer’s use,
                     whether that be to wear a jacket that is perceptibly expensive or to stay acceptably
                     warm.

                  
                  
                  
                  The second aspect of quality, compliance
                     with specifications, can affect consumers’ satisfaction with the value they have
                     received. Each jacket is supposed to comply with specifications: type and amount
                     of material used, seam requirements, quality inspections, and so on. If the
                     product does not comply with those specifications, it has poor quality. A
                     high-grade jacket with a zipper that breaks after a few wearings has poor
                     quality. And a low-grade product with a sturdy zipper that does not break until
                     the end of the jacket’s lifetime has good quality.

                  
                  

               
               

            
            
            
            
               
               
               Cost

               
               
               
               
                  
                  
                  The cost objective can refer to the goal
                     of lowering unit cost, with the goal of increasing profit or increasing
                     competitive edge by lowering price. It can also refer to the return on a capital
                     investment and to the operation’s ability to maintain working capital to fund
                     operations. This can be accomplished through an ability to collect from
                     customers, to maintain low levels of inventory, and to achieve high inventory
                     turns (turning inventory into revenue quickly).

                  
                  

               
               

            
            

         
         
         
         
            
            
            Customer Segmentation

            
            
            
            
               
               
               Customer segmentation is one of the core
                  functions of customer relationship management (CRM). Segmenting is sound practice.
                  It enables you to develop a deeper understanding of your various customer types and
                  discover their differing and similar motivations.

               
               
               
               Once specific customer segments are defined, their needs
                  and priorities are defined. This may involve different product positioning (quality
                  versus price) for different segments and thus possibly different product designs,
                  different services, or different packaging. This may in turn lead to changes in how
                  supply processes are designed.

               
               

            
            
            
            
               
               
               Segmentation and Design of Supply Processes
                  and Products

               
               
               
               
                  
                  
                  The
                     customer segments that the organization will try to win over and
                     the product parameters that the organization will allow have a strong
                     influence over which manufacturing environments (e.g., make-to-stock),
                     processes, and types the organization will use.

                  
                  
                  
                  Organizations may
                     choose to have multiple products and processes that can satisfy segments
                     with very different priorities, or they may choose to specialize
                     in one type of customer. For example, they may develop a brand-name
                     product and a generic equivalent to satisfy different types of customers.

                  
                  
                  
                  This leads to another
                     important decision for products. How many product lines should the
                     organization have, and how many product variants should there be?
                     The answers to these questions relate to profitability and market
                     share as well as production feasibility and inventory costs. Different
                     product lines may enable marketing to different customer segments
                     and thus potentially increase market share. Having multiple lines
                     of products will complicate production and often increases inventory costs.
                     The net profit of each alternative needs to be studied, and the
                     business model will propose the alternative that should generate
                     the highest profit for the organization after all costs and complexities
                     are factored in.

                  
                  
                  
                  In
                     today’s markets, few products are just products anymore. Rather,
                     they are product-service packages. Related services that manufacturing
                     can influence include lead time, product availability, responsiveness
                     to changes in customer orders, and shipping options. Organizational
                     policy will control some additional services such as availability
                     of trade credit, the returns policy, and product servicing availability. Providing
                     different service levels in some of these areas might be enough
                     of a differentiator to satisfy different customer segments. This
                     might mean different targets for customer service metrics such as
                     percentage of time items are available versus on backorder. The
                     decision could be based on the cost to the customer if a stockout
                     were to occur. Another way to vary product-service packages would
                     be to allow some customers to have more flexibility in order timing
                     than others. As is the case with having multiple product lines,
                     building more or less flexibility into operations has a cost that
                     needs to be accounted for.

                  
                  

               
               

            
            
            
            
               
               
               Categorization Criteria

               
               
               
               
                  
                  
                  Identifying criteria
                     for categorizing customers allows you to provide the right kinds
                     of differentiated services to each segment within the total customer
                     base. Customer segmentation does not need to be complex. In addition
                     to the traditional demographic or customer attitude methods, some
                     of the most important methods for customer segmentation are based
                     on

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Profitability

                        
                        

                     
                     
                     
                     	
                        
                        
                        Strategic
                           importance to the business

                        
                        

                     
                     
                     
                     	
                        
                        
                        Special
                           needs.

                        
                        

                     
                     

                  
                  
                  
                  The
                     customer relationship management approach can then be differentiated
                     to align with what is important for each segment. As seen in Exhibit 3-6,
                     there is overlap between each of these ways to segment customers.
                     We will address the impact of that overlap as we introduce each
                     segment.

                  
                  
                  
                  
                     Exhibit 3-6: Differentiation Based on Customer Segmentation[image: The image shows a Venn diagram with three overlapping circles, labeled “Profitability segment,” “Special customer needs segment,” and “Strategic importance segment.” All three circles intersect, indicating areas of overlap among the three segments.]
                  
                  
                  

               
               
               
               
                  
                  
                  Profitability

                  
                  
                  
                  
                     
                     
                     Understanding a customer’s profitability can
                        help identify when to tailor an offering to a particular customer. For example, a
                        customer that purchases 10 cases a month would not receive the same treatment and
                        volume discount as a customer who purchases 100 cases. Pareto analysis, or the 80/20
                        rule, is used to determine the most profitable customers. The 80/20 rule
                        demonstrates that the top 20 percent of your customers generate close to 80 percent
                        of your profit while the bottom 80 percent generate only 20 percent of the profit.
                        This is just a rule of thumb, but actual results often are close to this level.

                     
                     
                     
                     This analysis is fundamental to understanding
                        who the strategic customers are, how they are different from key customers and
                        standard accounts, and what differentiated treatment they could receive. Often the
                        more-profitable customers receive differentiated treatment in the areas of volume
                        discounts and priority attention from sales and marketing staff and other functions
                        such as product development.

                     
                     
                     
                     The needs of customers within the
                        profitability segment may also be impacted by the other two segments: strategic
                        importance to the business and special needs.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Strategic Importance to the Organization

                  
                  
                  
                  
                     
                     
                     Customers in the strategic importance segment
                        have considerable leverage with respect to their suppliers’ overall volume and/or
                        profitability. They may even have enough leverage that they can impact whether the
                        supplier’s organization stays in business. These customers may overlap with those
                        that are part of the profitability segment. Even if there is overlap, there can
                        still be significant differences between the two, including the amount of leverage
                        and the ability to impose terms and conditions.

                     
                     
                     
                     Manufacturers and service providers may find
                        themselves financially vulnerable to customers in this segment. As we move to our
                        third customer segment, special needs, there may also be overlap of customers.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Special Customer Needs

                  
                  
                  
                  
                     
                     
                     The special customer needs segment has unique
                        requirements that must be addressed in order to retain their business. Some of those
                        needs and the corresponding solutions an organization must provide in order to
                        retain their business are listed in Exhibit 3-7.

                     
                     
                     
                     
                        Exhibit 3-7: Special Customer Needs Segmentation Examples
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                                             Needs

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Supplier Solution

                                          
                                          
                                       

                                    
                                 
                                 
                                 
                                    
                                    
                                       
                                       	
                                          
                                          
                                          
                                             
                                             	
                                                
                                                
                                                Engineering
                                                   services in make- and engineer-to-order
                                                   environments

                                                
                                                

                                             

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          
                                             
                                             	
                                                
                                                
                                                Concurrent
                                                   engineering

                                                
                                                

                                             

                                          
                                          
                                       

                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          
                                             
                                             	
                                                
                                                
                                                Reduction
                                                   in transaction costs

                                                
                                                

                                             

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          
                                             
                                             	
                                                
                                                
                                                Electronic
                                                   purchase orders, ship notices, pack slips,
                                                   invoices, and payment

                                                
                                                

                                             

                                          
                                          
                                       

                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          
                                             
                                             	
                                                
                                                
                                                Small
                                                   production and delivery lot sizes

                                                
                                                

                                             

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          
                                             
                                             	
                                                
                                                
                                                Vendor-managed inventory (VMI)

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                Supply
                                                   chain partnerships

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                Lean
                                                   process improvements

                                                
                                                

                                             

                                          
                                          
                                       

                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          
                                             
                                             	
                                                
                                                
                                                Reduction
                                                   in disposable packing and shipping materials

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                Wood
                                                   products not from virgin forests

                                                
                                                

                                             

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          
                                             
                                             	
                                                
                                                
                                                Use of
                                                   reusable pallets and containers

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                Green
                                                   procurement policies

                                                
                                                

                                             

                                          
                                          
                                       

                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          
                                             
                                             	
                                                
                                                
                                                Variability
                                                   in demand volume and product mix

                                                
                                                

                                             

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          
                                             
                                             	
                                                
                                                
                                                Postponement (final assembly and packaging)

                                                
                                                

                                             

                                          
                                          
                                       

                                    
                                 

                              

                           
                           

                        
                     
                     
                     
                     Organizations must be very cautious in who
                        they place in the special needs segment. The solutions may be expensive to execute.
                        The investment of time and money in meeting the needs of these customers must be
                        justified by their profitability.

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Customer
            Relationship Management

         
         
         
         
            
            
            Here we introduce
               the seven “rights” of customer service as well as the philosophy that
               “the customer is always right.” We then address customer relationship management
               concepts, customer segmentation, the customer service life cycle,
               and forecast consumption.

            
            

         
         
         
         
         
            
            
            CRM and the
               “Rights” of Customer Service

            
            
            
            
               
               
               Customer relationship
                  management is a concept that was developed from marketing theory that shifts the
                  business strategy from product-centric to customer-centric. The ASCM Supply Chain Dictionary defines customer relationship management (CRM) as:

               
               
               
               
                  
                  
                     A marketing process or tool based on putting the customer first. It involves the collection
                        and analysis of information designed for sales and marketing decision support to understand
                        and support existing and potential customer needs. CRM also includes account management,
                        catalog and order entry, payment processing, credits and adjustments, and other functions,
                        and may be integrated with an enterprise resource planning (ERP) system for end-to-end
                        customer satisfaction. See: customer relationship management (CRM) system.
                     

                  

               
               
               
               It is more profitable
                  to retain a customer than to acquire a new one. The main focus of CRM
                  is the formation of relationships with customers with the intention
                  of improving customer satisfaction and maximizing profits. A world-class
                  customer service strategy will be strongest if customer, shareholder,
                  employee, and supplier concerns all are addressed.

               
               
               
               Before we can improve the relationship with our customer
                  base, we need to know more about who they are, their specific needs, and what impact
                  they can have on the organization. This information is acquired through segmenting
                  customers. Here we address having a thorough understanding of the customer service
                  life cycle, knowing what constitutes great customer service in the form of the seven
                  rights, and managing the order-taking process.

               
               

            
            
            
            
               
               
               Customer Service Life Cycle

               
               
               
               
                  
                  
                  CRM services draw consumers in, to, and through the
                     typical customer service life cycle, as seen in Exhibit 3-8. The ASCM Supply Chain Dictionary
                     defines the customer service life cycle as: “The four phases of a customer relationship: requirements, acquisition, ownership,
                        and retirement.”

                  
                  
                  
                  
                     Exhibit 3-8: Customer Service Life Cycle[image: A circular process with four stages. The first box is labeled “Requirements,” which flows to “Acquisition,” then to “Ownership,” then to “Retirement,” before pointing back to the first box, completing the cycle.]
                  
                  
                  
                  
                  In
                     the customer service life cycle, everything is viewed through the
                     eyes of the customer, not the supplier. As the customer progresses
                     from phase to phase, the level of service the supplier provides
                     adjusts accordingly.

                  
                  

               
               

            
            
            
            
               
               
               The Seven Rights and One Additional
                  Right

               
               
               
               
                  
                  
                  A common adage is
                     “the customer is always right.” Excellent customer service leads
                     to customer retention, which is the lifeline of any successful business.
                     Think about it. When the local bookstore knows you by name and can
                     recommend new titles that you are sure to love—that’s good customer
                     service in action. Settling an order discrepancy over the phone
                     or by chat with a customer service process that is quick and painless—that’s
                     excellent interaction with the customer.

                  
                  
                  
                  In addition to this generic “right,” customer-oriented
                     manufacturers and service providers always have the customer in the forefront of
                     their minds as they design and develop products and produce them for specific
                     customer segments while also abiding by their own strategic and business objectives.
                     The following seven “rights” are often considered to be the focal points of customer
                     service and the underlying operations and logistics processes that provide this
                     value:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        
                           
                              The right customers.
                              
                           Market
                              research and customer segmentation are used to identify and
                              understand who are the right customers for the organization’s
                              capabilities so that the organization can target these groups when
                              working to improve brand awareness or loyalty. During fulfillment,
                              the correct customer gets the correct orders.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              The right goods and services.
                              
                           Meeting
                              or exceeding customer expectations requires designing and making
                              products that meet or exceed customers’ needs and desires. This
                              ability is dictated by how well sales and marketing identifies and
                              selects products and services that customers want to buy. The supply
                              chain also needs to deliver correct and complete items.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              The right price.
                              
                           The
                              speed, quality, and flexibility of production and distribution
                              processes dictate the price point that customers pay for a product
                              or service.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              The right quality.
                              
                           This includes
                              conformance of products and services to regulatory or other standards as
                              well as specification quality in terms of the design, manufacture, and
                              delivery of products and services that provide the functionality,
                              aesthetics, and value that customers want. The ASCM Supply Chain Dictionary defines
                              value perspective as: “A quality perspective that holds that
                                 quality must be judged, in part, by how well the characteristics of a particular
                                 product or service align with the needs of a specific user.”
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              The right quantity.
                              
                           This
                              involves the integration and execution of purchasing, order
                              management, production, and logistics so that materials are ordered
                              or produced in the right quantity and are available for
                              delivery.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              The right time.
                              
                           The
                              speed, flexibility, quality, and dependability of production and
                              distribution are critical to meeting the on-time delivery required
                              by customers.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              The right place.
                              
                           The
                              delivery of products is dependent upon the company’s sales and
                              distribution channels. A distribution channel is the path that takes
                              the product from raw materials through to the consumer. Sales
                              channels are the internal functions and external parties (wholesale
                              distributors and retailers) that support the marketing, promotion,
                              and sale of products and services to supply chain customers.
                           

                        
                        

                     
                     

                  
                  
                  
                  Organizations are increasingly treating
                     every customer interface as a valued business opportunity that needs
                     to be managed, nurtured, and supported. Likewise, customers expect
                     consistent, professional service and support with every interaction.
                     Combine this expectation for high quality service and an explosion
                     of choices in providers of goods and services, and we have strong
                     demand for a formal customer relationship management process.

                  
                  

               
               

            
            
            
            
               
               
               Order Taking and Forecast Consumption

               
               
               
               
                  
                  
                  Key functions of CRM include order promising and order entry
                     and the related ability to adjust forecast consumption (also known as consuming the
                     forecast). The ASCM Supply Chain Dictionary
                     defines consuming the forecast as:

                  
                  
                  
                  
                     
                     
                        The process of reducing the
                           forecast by customer orders or other types of actual demands as they are received.
                           The adjustments yield the value of the remaining forecast for each period. Syn.:
                           forecast consumption.
                        

                     

                  
                  
                  
                  The order promising and order entry processes should be
                     convenient to the customer and offered in as many ways as are in demand (while
                     remaining profitable). Once a sales order has been entered into the system, it
                     shifts from forecasted demand (actually the constrained demand from S&OP) to
                     actual demand. Fulfilling an order varies significantly between make-to-stock,
                     assemble-to-order, and make-to-order. The underlying notion is that no matter how
                     the order will be fulfilled, forecasts are being consumed over time by actual
                     customer orders. A fully automated system can speed the process and reduce the risk
                     of errors.

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Customer
            Service Methods

         
         
         
         
            
            
            Customer service processes
               and policies help protect the quality level of the order entry and
               fulfillment process. Safety stock levels help ensure that inventory
               is available at the point of demand. We also address the communicating
               demand step in demand management as another customer service method.
               Demand management has important internal and customer communication
               tasks.

            
            

         
         
         
         
         
            
            
            Customer Order Management

            
            
            
            
               
               
               When customers place an order, they expect a certain
                  type of service in fulfillment of that order. The segment in which that customer
                  falls may dictate the priority an organization places on the level of service
                  customers receive. The order fulfillment cycle, also known as the order fulfillment lead time, is
                  defined by the ASCM Supply Chain Dictionary
                  as:

               
               
               
               
                  
                  
                     The average amount of time
                        between the customer’s order and the customer’s receipt of delivery. This includes
                        every manufacturing or processing step in between.
                     

                  

               
               
               
               The fulfillment of
                  a customer order is a set of actions that results in the production and/or
                  shipping of goods to customers. This is called customer order management.
                  As you can see in Exhibit 3-9,
                  there are key steps that happen to get the goods to the customer.
                  The exhibit shows the transaction flows, not the movement of physical goods.
                  At each transaction point, there is an expectation of a certain
                  level of service. Perfect order fulfillment is the metric used to
                  measure the reliability, or dependability and quality, of the process.

               
               
               
               
                  Exhibit 3-9: Customer Order Management
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                                       Steps in Fulfillment Cycle
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                                       of Key Activities

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Customer inquiry and order

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Request price and availability.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Order entry

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Check price and inventory available-to-promise.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Configure as necessary.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Promise and send order confirmation to
                                             the customer.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Create sales order in system.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Reserve inventory items for or allocate
                                             inventory items to specific sales orders.

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Shipping and delivery

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Consolidate and route shipments.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Prepare pick lists.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Prepare bills of lading and packing slips.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Send advanced shipping notices.

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Invoicing

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Prepare invoices.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Transmit electronically or by other means.

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               
               
               One of the most important
                  aspects of customer order management is order promising. Customers
                  want to know if their order can be fulfilled in the quantities ordered
                  by a certain delivery date—that is, the level of customer service
                  they can expect. A supplier’s ability to manage its materials and
                  capacity, or the master scheduling process, is the key to reliable
                  order promising and on-time delivery of shipments. There are two
                  types of order promising: available-to-promise and capable-to-promise.

               
               

            
            
            
            
               
               
               Available-to-Promise
                  (ATP)

               
               
               
               
                  
                  
                  Available-to-promise
                     is a way for organizations to provide a response to customer order
                     inquiries. There are a number of ways to calculate ATP.

                  
                  
                  
                  For ATP in cases
                     of make-to-stock where finished goods inventory exists, the organization
                     needs to allocate the inventory for an order and calculate the delivery lead
                     time. In cases of make-to-order, organizations need to determine
                     the production lead time based on a schedule within the range of
                     usable parts, materials, and resources to determine ATP.

                  
                  

               
               

            
            
            
            
               
               
               Capable-to-Promise
                  (CTP)

               
               
               
               
                  
                  
                  Capable-to-promise is an alternative
                     form of ATP. It is used when the master production schedule for a product is
                     not able to accommodate a customer order from current or future inventory.
                     The ASCM Supply Chain Dictionary defines
                     capable-to-promise as:

                  
                  
                  
                  
                     
                     
                        The process of committing orders
                           against available capacity as well as inventory. This process may involve multiple
                           manufacturing or distribution sites. It is used to determine when a new or
                           unscheduled customer order can be delivered; employs a finite-scheduling model of
                           the manufacturing system to determine when an item can be delivered; and includes
                           any constraints that might restrict the production—such as availability of
                           resources, lead times for raw materials or purchased parts—and requirements for
                           lower-level components or subassemblies. The resulting delivery date takes into
                           consideration production capacity, the current manufacturing environment, and future
                           order commitments. The objective is to reduce the time spent by production planners
                           in expediting orders and adjusting plans because of inaccurate delivery-date
                           promises.
                        

                     

                  
                  
                  
                  While ATP processing
                     considers existing material on hand for both purchased and manufactured
                     items, CTP also accounts for inbound purchase receipts; supplier
                     lead times; raw material, production, and labor availability; and
                     alternative sourcing options. As you can see by the number of variables,
                     CTP can be quite complex, so organizations depend heavily on CTP
                     software.

                  
                  

               
               

            
            
            
            
               
               
               Abnormal
                  Demand

               
               
               
               
                  
                  
                  So what do
                     we do when we receive a customer request that is outside of the expected? Outside
                     of
                     the norm? This is referred to as abnormal demand, defined in the ASCM Supply Chain Dictionary as:

                  
                  
                  
                  
                     
                     
                        Demand in any period that is outside the limits established by management policy.
                           This demand may come from a new customer or from existing customers whose own demand
                           is increasing or decreasing. Care must be taken in evaluating the nature of the demand.
                           See: outlier.
                        

                     

                  
                  
                  
                  Abnormal demand
                     is a concern for organizations because it has not been forecasted.
                     It could, however, be a great opportunity. The first task is to
                     check ATP data to see if the order can be accommodated before making
                     any commitment to the customer. The next task is to determine the
                     impact of fulfilling this order on other customers’ orders. The
                     final decision depends on the answers to these questions:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Is the order financially
                           attractive?

                        
                        

                     
                     
                     
                     	
                        
                        
                        Does it represent a nonrecurring demand?

                        
                        

                     
                     
                     
                     	
                        
                        
                        Are the customer’s order quantity and due
                           date flexible?

                        
                        

                     
                     

                  
                  
                  
                  In many instances, abnormal orders are
                     not accepted because of capacity and materials problems. When they
                     are, it is because they are already in the forecast. It is important
                     to understand that a large unexpected order does not mean that demand was
                     not well managed or that the forecasting was off. As an organization,
                     if you have ATP and CTP processes in place, then you are prepared
                     to make decisions on unexpected orders. Remember that abnormal demand
                     orders need to be categorized as such so they do not impact the
                     next forecast.

                  
                  
                  
                  Not
                     all extraordinary requests are classified as abnormal demand. Other
                     requests that often must be accommodated may simply be changes in
                     demand due to

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Replacement of
                           items broken (The replacement protocol is usually documented in the
                           customer service policy.)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Advance orders (MTS); customers placing
                           orders in advance

                        
                        

                     
                     
                     
                     	
                        
                        
                        Sudden interplant needs

                        
                        

                     
                     
                     
                     	
                        
                        
                        Large volume of spare parts orders

                        
                        

                     
                     
                     
                     	
                        
                        
                        Need for product units for demonstration

                        
                        

                     
                     
                     
                     	
                        
                        
                        Increases in channel inventories.

                        
                        

                     
                     

                  
                  
                  
                  In addition, we
                     also need to consider the physical distribution of customer orders
                     and how they align with transportation schedules. We’ve determined
                     that we can fulfill the order but not how we get the order to the
                     customer. Aligning with transportation and its capacity is another
                     piece of the order fulfillment puzzle.

                  
                  
                  
                  Customer service is the bridge between
                     customers and the value-producing processes of manufacturing and
                     service-providing organizations. It is implicit in sales and marketing
                     activities that determine the products and services that customers
                     are willing to pay for. Customer service is also within the mission
                     of manufacturing and distribution of goods and services to the customer.

                  
                  

               
               

            
            
            
            
               
               
               Customer
                  Service Policies

               
               
               
               
                  
                  
                  Quality of service has gone from a competitive
                     advantage to a necessity, so it is important to address how all
                     these elements of customer service should fit together to provide
                     a superior customer experience and sustainable profitability. It
                     begins with the organization’s philosophy on customer service. This
                     philosophy then carries out to the customer service policy framework
                     that drives employee behavior and expectations. Key characteristics
                     of customer service leadership within the organization are a vision
                     of service excellence, being proactive with the customer, and creating
                     and maintaining high standards. One way that organizations maintain
                     high standards is through their customer service policy. The primary
                     components of a customer service policy include

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Customer focus

                        
                        

                     
                     
                     
                     	
                        
                        
                        Service levels

                        
                        

                     
                     
                     
                     	
                        
                        
                        Performance measurement

                        
                        

                     
                     
                     
                     	
                        
                        
                        Systems support

                        
                        

                     
                     
                     
                     	
                        
                        
                        Customer interface

                        
                        

                     
                     
                     
                     	
                        
                        
                        Culture

                        
                        

                     
                     
                     
                     	
                        
                        
                        Top management support

                        
                        

                     
                     
                     
                     	
                        
                        
                        Integration with strategic goals.

                        
                        

                     
                     

                  
                  
                  
                  Internally, a customer
                     service policy outlines the protocol that all employees at all levels
                     of the organization should follow when dealing with customers who
                     are not satisfied. Externally, a customer service policy indicates
                     what a customer can expect in terms of service from the organization.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Safety Stock

            
            
            
            
               
               
               There must be a balance
                  between inventory costs and customer service. One key way to achieve this balance
                  is
                  to manage and calculate safety stock levels to attain your desired customer service
                  levels. This is balanced against the stockout probability. Two key probability terms
                  regarding safety stock are defined in the ASCM Supply
                     Chain Dictionary as:

               
               
               
               
                  
                  Probability:
                     Mathematically, a number between 0 and 1 that
                        estimates the fraction of experiments (if the same experiment were being repeated
                        many times) in which a particular result would occur. This number can be either
                        subjective or based upon the empirical results of experimentation. It can also be
                        derived for a process to give the probable outcome of
                        experimentation.

                  
                  Stockout probability:
                     The percentage chance of a product
                        not being in stock when an order is placed. Syn.: cycle service
                        level.

                  

               
               
               
               Safety stock addresses
                  demand or supply uncertainty by providing an incremental quantity
                  of finished goods or components. The effect of not having safety
                  stock is illustrated in Exhibit 3-10 using
                  a basic order-point diagram. In a customer service environment,
                  the assumptions of the rate of demand and replenishment lead time
                  are subject to uncertainty.

               
               
               
               
                  Exhibit 3-10: Purpose of Safety Stock[image: A graph depicting inventory levels over time, demonstrating different inventory scenarios in relation to the reorder point and lead time (LT).]
               
               
               
               
               The diagram illustrates
                  the drawdown of the inventory level from replenishment points #1
                  to #2. The reorder point is reached when the inventory has drawn
                  down to 300 units. The exhibit shows three different scenarios:

               
               
               
               
                  
                  
                  	
                     
                     
                     In scenario A,
                        inventory is expected to draw down to zero units at point A during the
                        estimated lead time, noted by LT on the diagram, reaching A just
                        as replenishment occurs, and the cycle repeats. A stockout does
                        not occur in this scenario.

                     
                     

                  
                  
                  
                  	
                     
                     
                     In scenario B, the rate of demand during
                        the lead time is slower than expected. When replenishment occurs
                        at the end of the expected lead time, inventory is above zero. Again,
                        a stockout does not occur.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Scenario C shows what happens without safety
                        stock. The rate of demand during the lead time is faster than expected,
                        and the zero inventory level is reached before replenishment. There
                        is a stockout.

                     
                     

                  
                  

               
               
               
               The purpose of safety
                  stock is to provide additional inventory to prevent customer dissatisfaction
                  and loss of sales revenue caused by demand and supply uncertainty.

               
               
               
               When inventory demand
                  or supply is uncertain, as with assemble- or make-to-order, organizations
                  may want to consider additional methods to manage safety stock, including
                  inventory, protective capacity, and time buffers.

               
               

            
            

         
         
         
         
            
            
            Internal and Customer
               Communications

            
            
            
            
               
               
               Internally, the demand management function gathers
                  forecast information for sales and operations planning, which creates sales and
                  operations plans. The ability of an organization to effectively communicate
                  internally is a direct reflection of its ability to satisfy the customer. Many of
                  these communication processes also involve direct customer communications. Exhibit 3-11 summarizes communication among the organizational processes and
                  subprocesses.

               
               
               
               
                  Exhibit 3-11: Communication Among Processes
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Process or Subprocess

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Parties Involved

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Type of Communication

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Desired Outcome

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Sales and operations planning
                                       (S&OP)

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Sales, marketing, operations, finance,
                                       engineering, HR

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Internal communication and agreement on
                                       sales, production, inventory plan

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Realistic demand, production, inventory,
                                       and backlog plans

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    S&OP or CRM

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Sales, marketing

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    With customers on intermediate-term
                                       demand (surveys, request for forecasts), service level
                                       agreements, or contract negotiations (e.g., guarantees,
                                       rebates, penalties)

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Realistic resource planning

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Master scheduling

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Master scheduler, sales, marketing,
                                       operations

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                       
                                       	
                                          
                                          With customer during order
                                             promising on due date and quantity flexibility,
                                             abnormal orders, and delays in filling some line
                                             items

                                          

                                       
                                       
                                       	
                                          
                                          Internally with sales, marketing,
                                             and operations on orders with abnormal
                                             demand

                                          

                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Balance of supply and demand within
                                       capacity constraints to fulfill orders

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Master scheduling or CRM

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Master scheduler, sales

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          With customers on product mix
                                             within product families

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Continually with customers’
                                             production facilities and purchasing function on
                                             demand and supply flexibility

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Accurate master production schedule for
                                       product mix; effective scheduling of production
                                       facilities

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Demand management

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Demand manager, sales

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    With customers on performance
                                       measurement

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Improved customer service and
                                       satisfaction

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Order management

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Customer service,
                                       distribution

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Forecasts and electronic point-of-sale
                                       data from customers

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Efficient vendor-managed
                                       inventory

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Kanban signals from customers for
                                       replenishment of finished goods or components to the shop
                                       floor

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    High levels of support for supply chain
                                       partners

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Manufacturing, distribution

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Customer order management jointly handled by the
                                       manufacturer and distribution to manage demand
                                       variability

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Seamless customer order management

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Customer service, sales,
                                       engineering

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    With customers on engineering and due
                                       date changes

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Keeping customer up-to-date

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Customer service

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    With customers on price and availability
                                       of make-to-stock products

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Rapid and accurate response to
                                       inquiries

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               
               
               As you can see by the parties involved and
                  the type of communication described in the exhibit, more than just the customer
                  service function is involved in communications. As you near the operational level,
                  adjustments to supply and demand require timely communication between the right
                  parties.

               
               
               
               It is important to understand that
                  organizations with different manufacturing environments will need to communicate
                  internally and to customers in different ways. The need to provide order visibility
                  both internally and to customers is addressed next. Operations and marketing
                  coordination is essential to great customer service outcomes, so this is also
                  covered next. Finally, internal communications can be extended to trusted supply
                  chain partners to expand the benefits of demand management.

               
               

            
            
            
            
               
               
               Differences in Communications by Environment

               
               
               
               
                  
                  
                  Demand
                     management communication activities will vary by each environment and
                     recipient.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Make-to-order/engineer-to-order

                        
                        
                        
                        
                           
                           
                           	
                              
                              
                              S&OP: Engineering detail and demand forecasts

                              
                              

                           
                           
                           
                           	
                              
                              
                              Master production
                                 schedule: Final configurations

                              
                              

                           
                           
                           
                           	
                              
                              
                              Customers: Delivery date
                                 and design status

                              
                              

                           
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Assemble-to-order

                        
                        
                        
                        
                           
                           
                           	
                              
                              
                              S&OP: Product family mix and demand forecasts

                              
                              

                           
                           
                           
                           	
                              
                              
                              Master production
                                 schedule: Actual demand and mix forecasts

                              
                              

                           
                           
                           
                           	
                              
                              
                              Customers: Delivery date
                                 and configuration issues

                              
                              

                           
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Make-to-stock

                        
                        
                        
                        
                           
                           
                           	
                              
                              
                              S&OP: Constrained demand forecasts

                              
                              

                           
                           
                           
                           	
                              
                              
                              Master production
                                 schedule: Actual demand

                              
                              

                           
                           
                           
                           	
                              
                              
                              Customers: Next inventory
                                 replenishment

                              
                              

                           
                           

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Order
                  Visibility

               
               
               
               
                  
                  
                  In order to meet the
                     customers’ informational needs and desired outcomes, the functions within the
                     organization need to understand customer preferences, purchasing patterns,
                     shipping preferences, etc. The primary sources of this data include

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Transaction
                           records that provide data on variety, volume, frequency, shipping,
                           payments

                        
                        

                     
                     
                     
                     	
                        
                        
                        Sales
                           representatives who provide data on product change requests, mid- and
                           long-term ordering plans, customer satisfaction, competitors

                        
                        

                     
                     
                     
                     	
                        
                        
                        Field
                           service representatives who provide data on customer satisfaction,
                           product performance, product improvement requirements, customer
                           suggestions

                        
                        

                     
                     
                     
                     	
                        
                        
                        Third-party
                           market intelligence that is purchased from database marketing and
                           consumer survey companies.

                        
                        

                     
                     

                  
                  
                  
                  Order visibility is becoming
                     more and more necessary as a way to communicate with customers and meet their
                     information needs. One way to do this is through the use of a customer portal. A
                     customer portal is a private, secure website that enables businesses to share
                     account-specific information such as credit status, invoices, available rebates,
                     product and order information, calendars, etc., with customers. It enhances
                     customer relationships by providing complete 24/7 access to up-to-date
                     information. The advantages of customer portals are convenience and
                     relevance—they contain everything customers need in one online place.

                  
                  
                  
                  Order visibility can also be provided to
                     smart devices via email or text alerts of order status. Organizations such as
                     Amazon are even requiring delivery drivers to post a photo of the package at the
                     drop-off point as proof that it was delivered.

                  
                  

               
               

            
            
            
            
               
               
               Marketing Impact on Demand

               
               
               
               
                  
                  
                  By coordinating manufacturing with marketing, an
                     organization can increase manufacturing capacity for items that are about to be
                     featured in marketing promotional plans or plan for increased demand for a new
                     product that is preparing to launch. Such coordination may also help the
                     organization make plans to manufacture fewer items that may be replaced. The
                     organization can plan to allocate the working capital necessary to build up
                     inventories in preparation for large seasonal sales events, such as those
                     typically associated with a holiday season.

                  
                  
                  
                  Marketing
                     also impacts demand in other ways. For instance, an organization may need to
                     ensure that they can ship enough units to retail locations to allow for seasonal
                     displays and product demonstrations. Accessory and repair parts may also see an
                     increase in demand if the product they are associated with is marketed, even if
                     the accessory or repair parts themselves are not.

                  
                  
                  
                  When marketing impacts demand
                     successfully, this in turn impacts capacity requirements. This impact is often
                     overlooked in the S&OP process and should be a regular discussion item and
                     considered in planning. In addition to promotions, the demand planning process
                     should consider phase-in and phase-out of products from a product life cycle
                     perspective as well as engineering prototype requirements.

                  
                  

               
               

            
            
            
            
               
               
               Communications Integration Can Extend to the Supply Chain

               
               
               
               
                  
                  
                  When organizations choose to integrate with external
                     suppliers, they work to integrate communications
                     to the degree allowed by the current level of
                     trust between the organizations. Without
                     information sharing, there is no supply chain
                     management. Trust is not earned quickly, however,
                     and conventional wisdom will oppose sharing what
                     some will see as information that needs to be kept
                     secret to maintain a competitive advantage. The
                     organizations will have to formulate policies and
                     strategies for developing this trust and sharing
                     more information over time. The types of
                     information to start with include demand, orders,
                     promotions, and marketing campaigns. A key benefit
                     of sharing information is that it will allow the
                     network of organizations to avoid major problems
                     of supply failing to match demand (oversupply or
                     undersupply). One way to do this is to use
                     collaborative planning, forecasting, and
                     replenishment (CPFR).

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Customer
            Metrics

         
         
         
         
            
            
            Broad categories of
               customer metrics discussed here include customer service and value
               metrics and order delivery performance metrics.

            
            

         
         
         
         
         
            
            
            Customer Value and Service Metrics

            
            
            
            
               
               
               Customer
                  metrics need to be relevant to the strategy you are trying to execute. Standards
                  (i.e., targets) can be developed by using internal best estimates, collaboration
                  with customers, or benchmark information such as the information compiled
                  by ASCM as part of the SCOR DS model. Measures need to be made consistently
                  so they can be compared.

               
               
               
               Customer value and
                  service metrics include satisfaction rankings, lifetime customer value,
                  and service levels by segment. Note that the first two of these
                  metrics are not traditional parts of the customer service metric,
                  which focuses on the reliability and responsiveness of order fulfillment.
                  However, customer satisfaction and value remain critical customer
                  metrics and are especially important for long-term performance measurement.

               
               

            
            
            
            
               
               
               Satisfaction
                  Rankings

               
               
               
               
                  
                  
                  Customer
                        satisfaction is defined in the ASCM Supply
                        Chain Dictionary as: “The results of delivering a good or
                        service that meets customer requirements.” The most common tool used to measure customer satisfaction is the survey. The
                     challenge is that surveys are often distributed at the point of sale, before the
                     customer has had an opportunity to use or examine the product. A second challenge
                     with surveys is that they generally have a poor return rate.

                  
                  
                  
                  Another way to measure customer satisfaction
                     is through customer loyalty. This can be measured through the analysis
                     of customer repurchase patterns.

                  
                  

               
               

            
            
            
            
               
               
               Lifetime
                  Customer Value

               
               
               
               
                  
                  
                  Not all customers are
                     created equal; some are more profitable than others. The goals of
                     customer management may include converting unprofitable customers
                     into profitable ones and profitable customers into lifetime customers.
                     Lifetime customers provide value by

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Decreasing
                           the total cost of marketing

                        
                        

                     
                     
                     
                     	
                        
                        
                        Making
                           it easier to know and satisfy their needs over time

                        
                        

                     
                     
                     
                     	
                        
                        
                        Supplying
                           opportunities for increased revenue and profit.

                        
                        

                     
                     

                  
                  
                  
                  As defined by David
                     Ross in Distribution Planning and
                        Control, lifetime customer value (LCV) is a prediction of the
                     net present value of the future profits attributed to the entire
                     future relationship with a customer. You can determine what a customer
                     is worth to you based on customer spending and the length of time
                     the customer stays with you. You can break it down further and look
                     at the value of each individual customer as well as the value of
                     your average customer. For many organizations, this is a shift from
                     focusing on transactional profits to focusing on the long-term health
                     of the customer relationship. Determining how much each of your
                     customers contributes to your bottom line can be an eye-opening
                     experience.

                  
                  
                  
                  Keep in mind that customer value is not always monetary.
                     In addition to monetary value, the organization should view how strategic the
                     customer is. Some customers may not provide the highest profits based on their
                     spending, but because they are strategically linked internally or externally, they
                     have a high ability to influence or impact the monetary spend of others. These
                     customers should also be examined for their lifetime customer value.

                  
                  
                  
                  Understanding the LCV allows you to prioritize.
                     You can focus your efforts on retaining your most profitable customers,
                     finding new customers that fit the patterns your best existing customers
                     display, and mining your best sources for lead generation.

                  
                  
                  
                  A well-crafted system of supply chain metrics increases
                     the chances for success by aligning processes, targeting profitable market segments,
                     and obtaining a competitive advantage through differentiated services and lower
                     costs. Inappropriate metrics, on the other hand, will result in failure to meet end
                     customer expectations and in suboptimization of departmental or company performance,
                     missed opportunities to outperform the competition, and conflict within the supply
                     chain.

                  
                  
                  
                  Customer relationship
                     management provides the structure for how the relationship with
                     customers will be developed, maintained, and measured.

                  
                  

               
               

            
            
            
            
               
               
               Service
                  Levels by Segment

               
               
               
               
                  
                  
                  The definition of service level varies from organization to
                     organization. The ASCM Supply Chain Dictionary
                     definition of customer service ratio, also called customer service level, is:

                  
                  
                  
                  
                     
                     
                        A measure of delivery performance of finished goods, usually expressed as a percentage.
                           In a make-to-stock (MTS) environment, this percentage usually represents the number
                           of items or dollars that were shipped on schedule for a specific time period, compared
                           with the total that was supposed to be shipped in that time period. In a make-to-order
                           (MTO) environment, it is usually a comparison of the number of jobs or dollars shipped
                           in a given time period compared with the number of jobs or dollars scheduled. Syns.:
                           customer service level, fill rate, percent of fill. Ant.: stockout percentage.
                        

                     

                  
                  
                  
                  The level of service and the organizational commitment to
                     attaining that service level varies by segment. For example, the percentage of
                     orders sent on or before the promised delivery date may be higher for customers in
                     the strategic importance segment. The key in attaining a high service level is
                     managing the accuracy of the delivery date. If the customer is of the special needs
                     segment and they are looking for a made-to-order product, their expectation is that
                     it will take longer. The customer service level can be further broken down using
                     SCOR DS metrics, as is addressed elsewhere.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Order Delivery Performance Metrics

            
            
            
            
               
               
               Effective
                  communication with customers includes order delivery performance metrics.
                  Some organizations choose to make these measurements by functional
                  area. As an example, purchasing, production, and distribution would
                  have their own sets of measures. The challenge is that these measures
                  often conflict. Another approach is to measure order performance
                  delivery based on integrated supply chain metrics; this is a best
                  practice.

               
               
               
               An organization’s
                  ability to meet the customer service level requirements is directly related
                  to the performance of the supply chain. Strong supply chain metrics
                  can increase the chances for success by aligning all providers and
                  processes within the supply chain. The SCOR DS model provides an
                  integrated set of supply chain metrics.

               
               
               
               The SCOR DS metrics
                  assume that order delivery depends on integrated supply chain management
                  processes to satisfy customer demand. Delivery-related metrics primarily
                  fall into the resilience and economic categories (some applications
                  might also need to reference environmental metrics in the sustainability
                  category). There are three key performance attributes in the resilience
                  category:

               
               
               
               
                  
                  
                  	
                     
                     
                     Reliability. This attribute category focuses on the
                        quality of the product and service. For delivery reliability, it is measured using
                        perfect customer order fulfillment (RL.1.1). This metric demonstrates the degree to
                        which a supplier is able to serve its customers within the promised delivery time.
                        Perfect order fulfillment is calculated as follows:

                     
                     
                     
                     [image: ../images/mathml_id174DF05I0LA.png]
                     
                     
                     
                     A
                        perfect order is the right product/service delivered to the right customer on time
                        (use
                        the customer’s definition of on time), in full (correct quantity), in the correct
                        condition, to the correct place, with correct documentation. The first row of Exhibit 3-12 shows level 2 reliability metrics
                        along with which of the seven rights of logistics (right: product/service, quantity,
                        condition, place, time, customer, and cost) each satisfies. Note that right cost is
                        addressed later under the cost metrics.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Responsiveness. Responsiveness
                        focuses on the average cycle time a manufacturer requires to respond
                        to and deliver customer orders. Responsiveness is calculated using
                        customer order fulfillment cycle time (RS.1.1), which is calculated
                        as

                     
                     
                     
                     [image: ../images/mathml_id174DF080XNI.png]
                     
                     
                     
                     The second row
                        of Exhibit 3-12 shows
                        level 2 responsiveness metrics.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Agility. Agility metrics evaluate the ability of a
                        supply chain to deal reliably with supply and demand shocks in the near and long term.
                        Operational supply chain agility is calculated as follows and is the sustained
                        percentage increase or decrease in quantities that can be achieved in the operational
                        planning horizon (commonly 30 to 60 days), assuming no expedite costs. 
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                     The final row of Exhibit 3-12 shows
                        level 2 agility metrics.

                     
                     

                  
                  

               
               
               
               
                  Exhibit 3-12: Order Delivery Performance Metrics in the Resilience Category
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Attribute

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Metrics

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Reliability

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          RL.2.1 Percentage of orders delivered in
                                             full to the customer [right product/service, right quantity]

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          RL.2.2 Delivery performance to original customer
                                             commit date [right time, right location, right customer]

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          RL.2.3 Customer order documentation accuracy

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          RL.2.4 Customer order perfect condition
                                             [right condition]

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Responsiveness

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          RS.2.1 Order cycle time

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          RS.2.2 Source cycle time

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          RS.2.3 Transform cycle time

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          RS.2.4 Fulfill cycle time

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          RS.2.5.
                                             Return cycle time

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Agility

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          AG.2.1 Order agility

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          AG.2.2 Source agility

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          AG.2.3 Transform agility

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          AG.2.4 Fulfill agility

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          AG.2.5
                                             Return agility

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               
               
               Within the economic
                  category of performance attributes, order delivery performance metrics
                  may relate primarily to cost.

               
               
               
               
                  
                  
                  	
                     
                     
                     Cost. The
                        supply chain cost attribute includes CO.1.1 total supply chain management
                        cost and CO.1.2 cost of goods sold. Of interest to order delivery include
                        ensuring the right cost was charged to the customer, which is captured
                        in subsets of CO.1.1: CO.2.1 order management cost (per error metrics
                        related to CO.3.2 create customer order, CO.3.3 order entry and
                        maintenance, or other level 3 metrics).

                     
                     

                  
                  

               
               
               
               When measuring order
                  performance delivery, it may not all be positive. If there is poor
                  performance, the situation needs to be examined more closely. One
                  of the causes of poor delivery performance metrics may be the environment.
                  Below is a list of potential causes to consider by environment type:

               
               
               
               
                  
                  
                  	
                     
                     
                     Make-to-stock—material
                        capacity

                     
                     

                  
                  
                  
                  	
                     
                     
                     Make-to-order—machine and/or labor hours

                     
                     

                  
                  
                  
                  	
                     
                     
                     Assemble-to-order—lack of raw materials
                        or components

                     
                     

                  
                  
                  
                  	
                     
                     
                     Engineer-to-order—lack of available components
                        or subcomponents

                     
                     

                  
                  
                  
                  	
                     
                     
                     Retail environment for consumers—stocking
                        schedule, shipments delayed, installation schedule delays, or lack
                        of parts or equipment needed for installation

                     
                     

                  
                  

               
               
               
               Attaining acceptable
                  delivery performance is the most significant manufacturing challenge
                  faced by many organizations. However, customer metrics are not only
                  about delivery. They also include asset management (cash-to-cash
                  cycle time and return on fixed assets) and benchmarking information.
                  Cash-to-cash cycle time measures the efficiency of the use of assets—fixed
                  and working capital—on a cross-functional basis by planning, procurement,
                  manufacturing, and distribution. Return on fixed assets measures
                  the effectiveness of the manufacturer in generating revenues from
                  its capital investment in fixed assets.

               
               

            
            

         
         
   
      
         
         
         
         Influencing
            Demand and Product Designs

         
         
         
         
            
            
            Influencing demand is one component of demand management.
               The plan-do-check-act (PDCA) cycle can be used to continually improve this level of
               influence.

            
            
            
            Another area of operations influence should be the design of
               products and services. An organization needs to perform product lifecycle management
               (PLM), develop new product introduction (NPI) schedules, and evaluate and
               communicate the impact of product end-of-life plans. Planning and/or using tools and
               techniques like those discussed here can reduce the negative consequences of design
               risks. Ensuring that current designs are reflected in actual production or service
               provision is also an aspect of how operations can influence product designs. This
               is
               called product configuration, and it involves identifying engineering changes and
               their causes, implementing effectivity plans, and being proactive about keeping
               these plans valid.

            
            

         
         
         
         
         
            
            
            Influencing
               and Prioritizing Demand

            
            
            
            
               
               
               Influencing demand includes marketing and sales
                  activities with customers. It also includes influencing product
                  and brand management and the supply side of the organization to
                  recognize and support actual customer expectations and requirements.
                  Influencing demand involves settling on the most profitable product mix,
                  developing complementary products that will grow the average profit
                  per customer, setting strategic pricing, placing products at various
                  physical or online distribution points to establish a presence and
                  level of customer convenience, and promoting products through advertisement
                  and other means. These activities can be summarized as the four
                  Ps of marketing (product, price, placement, and promotion). Since
                  demand can be influenced only so much, organizations may also need
                  to prioritize demand, so this is also discussed.

               
               

            
            
            
            
               
               
               Using PDCA for Planning and Influencing
                  Demand

               
               
               
               
                  
                  
                  Succeeding at influencing demand requires not
                     only generating and executing marketing and sales initiatives but also determining
                     if the plans are working as intended. There must be a process to make course
                     corrections during execution. One iterative and structured process that can be used
                     to ensure that demand planning and influencing activities are being continually
                     adapted to current situations is the plan-do-check-act
                        (PDCA), defined by the ASCM Supply
                        Chain Dictionary as:

                  
                  
                  
                  
                     
                     
                        A four-step process for quality improvement. In the first step (plan), a performance
                           gap is identified, and a plan to effect improvement is developed. In the second step
                           (do), the plan is carried out, preferably on a small scale. In the third step (check),
                           the effects of the plan are monitored. In the last step (act), the results are studied
                           to determine what was learned and what can be predicted to take corrective action
                           or institutionalize the changes. Syns.: plan-do-check-act (PDCA) cycle, Shewhart circle
                           of quality, Shewhart cycle, Deming circle.
                        

                     

                  
                  
                  
                  The PDCA model incorporates
                     performance measurement, feedback, and replanning into the processes
                     of planning and executing activities. Note that while PDCA is described
                     here for demand planning and influencing, it can be applied to any
                     process, including the other components of the demand management
                     process and the S&OP integration process.

                  
                  

               
               
               
               
                  
                  
                  Plan

                  
                  
                  
                  
                     
                     
                     During the “plan” phase of the cycle,
                        product/brand management, marketing, and sales perform research and develop detailed
                        strategies and tactics for influencing demand. The plans should include a budget,
                        a
                        schedule, and a list of tasks assigned to specific individuals for accountability.
                        The plans should also set measurable targets indicating the increase in demand that
                        the activities should generate. The plans are reviewed and approved prior to the
                        S&OP meetings and are adjusted as needed during those meetings, resulting in
                        commitments to execute a consensus plan.

                     
                     
                     
                     Part of the plan is to influence the organization
                        to support actual customer expectations and needs. However, this influence must be
                        directed toward the organization’s business objectives. Specifically, this means
                        that the organization should support only products and services that have a positive
                        contribution margin. A positive contribution margin means that the increased demand
                        will increase net income (profit) rather than simply increasing sales volume or
                        revenue. Expanding product mixes and varieties to satisfy all customers could
                        otherwise result in unsustainable costs and growth.

                     
                     
                     
                     Another key planning activity for product/brand
                        management, marketing, and sales is to manage the promotion life cycle. The
                        promotion life cycle is simply the product life cycle with a generic marketing
                        strategy mapped onto it. During introduction, the marketing strategy needs to inform
                        the customer of the product’s existence. During growth, the generic strategy is to
                        persuade customers of the product’s value, with a goal of new or reinforced brand
                        loyalty. During maturity and decline, the basic marketing strategy is to remind
                        customers of the product, with a goal of staying in the given phase for as long as
                        possible. The marketing strategy is to offer a better value than competitors by
                        highlighting differentiating features, by offering price reductions, or by doing
                        promotions. Decline strategies may also include cross promotions for replacement
                        products and exit strategies for discontinuing products being retired.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Do

                  
                  
                  
                  
                     
                     
                     During the “do” phase, product and brand
                        management, marketing, and sales execute the plans. Product and brand management
                        professionals launch, manage, and retire products. Marketing professionals work to
                        influence demand and reinforce the brand value. Salespersons work to acquire new
                        customers and retain and develop existing ones. Sales and marketing professionals
                        may be required to provide the demand manager with periodic data on their results
                        during execution. The marketing and sales managers and the demand manager exercise
                        management and control during this phase by serving as problem solvers and by
                        verifying that the correct activities are occurring.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Check

                  
                  
                  
                  
                     
                     
                     During the “check” phase, the demand manager
                        and/or other demand-side managers review metrics against the plan and document other
                        feedback, such as customer opinions on product pricing, features, and customer
                        service levels. A key aspect of this phase is to determine the root cause of any
                        differences between plan and actual results, that is, whether they arise from
                        identifiable internal or external factors. These activities are performed
                        periodically rather than waiting until the processes are complete. Dashboards are
                        a
                        common way to track and monitor metrics for demand-influencing activities.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Act

                  
                  
                  
                  
                     
                     
                     During the “act” phase, the demand manager leads
                        replanning efforts to respond to variances from the plan and address root causes of
                        the variances. Replanning may call for increased or decreased investments in various
                        activities, depending on what is and is not proving effective. The replanning
                        process could be part of the lead-up to the monthly S&OP process, or it could be
                        performed more frequently if required. However, many marketing efforts take a long
                        time to show measurable results, so a long-term focus is typically necessary.

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Reviewing Marketing Promotions

               
               
               
               
                  
                  
                  The
                     marketing plans that are developed may include promotions for specific
                     product families or products. It is vital that operations professionals
                     review these promotions and are briefed on their likely impact on
                     demand. If promotions are not properly communicated, they can cause
                     unexpected spikes in demand, and their ending can cause unexpected
                     dips in demand.

                  
                  
                  
                  Promotions can impact inventory and/or capacity utilization. Promotions drive sales
                     towards products and services that the sales and marketing side agreed to support
                     during the S&OP process. When used as a tool to support these consensus plans,
                     inventory that is in surplus might be sold off. Similarly, capacity utilization can
                     be efficient when promotions support desired volume and mix combinations for the
                     period. Promotions become a problem when they are poorly communicated or are not
                     tied to S&OP goals: inventory might be too high in some areas and depleted in
                     others. Capacity might result in bottlenecks in some areas, and be underutilized in
                     others. 

                  
                  
                  
                  An
                     important thing to understand is the type of promotion that is being
                     made in relation to the product’s location in its product life cycle.
                     The impact of the marketing spend may be very different at different
                     parts of the life cycle. A high investment in marketing often has
                     a small impact during product introduction, while a small investment
                     in reminder advertising during product maturity may have a big impact. While
                     it is marketing’s job to indicate the likely impact of a promotion,
                     it is important that operations understands the life cycle impact
                     so that an exceptional demand forecast can be questioned if it seems
                     unusual or in error.

                  
                  
                  
                  Another special situation where promotions can have an
                     unusual impact on demand is potential product or service cannibalization. Product
                     or
                     service cannibalization is where some of the organization’s products are competing
                     against each other and increased sales of one will likely reduce sales of the other.
                     This could be a substitute or a replacement product. Marketing needs to estimate the
                     impact of this effect. 

                  
                  
                  
                  It is important to understand that many internal roles will
                     strongly resist product or service cannibalization, especially when a new product
                     introduction is threatening an existing product that is a strong revenue generator.
                     However, it is usually better for the organization to cannibalize its own products
                     than to let the competition do it. The famous case in this regard is Kodak, who
                     developed a digital camera long before the competition but shelved the project
                     because it would have cannibalized their film sales, which was their primary revenue
                     generator. While they may have delayed the demise of the film market, they also
                     missed their chance to remain in the market at all.

                  
                  

               
               

            
            
            
            
               
               
               Prioritizing Demand

               
               
               
               
                  
                  
                  Prioritizing demand
                     requires operations and demand-side professionals to collaborate
                     to revise the plan in a way that is feasible, cost-effective, and
                     still works for the customers. Some examples follow.

                  
                  
                  
                  Demand-prioritizing activities may involve convincing
                     customers to accept substitutions or changes in purchase timing. The purpose of
                     demand prioritization is to support the organization’s business objectives, and
                     sometimes the best way to support these objectives is to convince customers to
                     purchase an alternative product, to delay purchases, or to accept a longer lead
                     time. 

                  
                  
                  
                  Substitution may occur because one type of product is in surplus
                     or because there is limited capacity and not all customers can be served without
                     making full use of other products in a product family. 

                  
                  
                  
                  Convincing customers to delay purchases or wait in some form of
                     queue can also accommodate capacity limitations or enable efficiencies, such as the
                     ability to continue a longer run of one type of product before a changeover is
                     needed. In another example, a promotion or discount could be timed to a period in
                     which there is excess production capacity. Similarly, new product introductions or
                     decisions to drop a product line can be timed to minimize the impact on other
                     product lines.

                  
                  

               
               

            
            

         
         
         
         
            
            
            New Products, End-of-Life, and Lifecycle Management

            
            
            
            
               
               
               Here we introduce product lifecycle management methodology. As
                  part of this, we discuss development of new product introduction schedules as well
                  as the elements commonly found in end-of-life plans. It is important to detect when
                  a product is entering decline. Planned obsolescence is also addressed.

               
               

            
            
            
            
               
               
               Product Lifecycle Management

               
               
               
               
                  
                  
                  Product lifecycle
                     management (PLM) is a process of managing new product introductions, managing the
                     life cycles of products throughout their phases, and creating and executing
                     end-of-life plans. PLM can be managed using software of the same name or can be
                     performed using a mix of manual tools and existing systems.

                  
                  
                  
                  In addition to helping manage the product life
                     cycle for a type of product, PLM also has tools to help manage an individual life
                     cycle of a unit or a batch. PLM often includes tools to help planners with product,
                     component, and bill-of-material versioning, effectivity plans, and traceability. PLM
                     can help track products by production lot numbers or serial numbers all the way to
                     the customer for individual units or batches. This helps enable upgrades, recalls,
                     and reverse logistics for units or batches at any stage of production. PLM may
                     feature a sustainability component, especially if products at the end of their lives
                     must or should be reclaimed or recycled.

                  
                  
                  
                  PLM from a product and brand management perspective builds off of
                     the product life cycle stages of introduction, growth, maturity, and decline but
                     adds substeps, and some models also highlight three distinct phases:
                     beginning-of-life, middle-of-life, and end-of-life. Beginning-of-life includes a new
                     component of research and development plus the introduction stage. The
                     middle-of-life phase encompasses growth, maturity, and decline. The end-of-life
                     phase is new to the product life cycle (but implied by it). Exhibit 3-13 shows these phases and
                     lists potential substeps in PLM. (Specific substeps may vary.)

                  
                  
                  
                  
                     Exhibit 3-13: Product Lifecycle Management[image: Product lifecycle chart showing sales and profit curves across introduction, growth, maturity, and decline, aligned with beginning-, middle-, and end-of-life stages and activities from innovation through recycle. Go to long description for details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  The substeps shown above contain many steps for
                     the beginning-of-life phase. The middle-of-life phase shows how the focus area
                     during growth starts by ensuring that manufacturing and distribution are capable and
                     have the capacity for the demand. As the product moves into maturity, this shifts
                     to
                     a focus on how the product is used. The focus then shifts to service as the product
                     enters decline. Decline also features phase-out planning or end-of-life planning.
                     Actual phase-out ends the decline phase and the middle-of-life phase for the product
                     and starts its end-of-life. End-of-life has no sales or profit. The organization may
                     be involved in helping recycle the products at the end of their lives, and this
                     could also include recovering rare or hazardous materials, remanufacturing,
                     repurposing or selling manufacturing equipment, reassessing suppliers, and so
                     on.

                  
                  

               
               

            
            
            
            
               
               
               New Product Introduction Schedules

               
               
               
               
                  
                  
                  Developing a new product introduction
                     (NPI) schedule involves mapping out and managing a product’s beginning-of-life
                     phase, possibly using project management. NPI is a component of the development
                     chain, which parallels the supply chain and interacts with it at many points. In
                     addition to NPI, the development chain may include product engineering, make-or-buy
                     decisions, early supplier involvement, concurrent engineering, strategic sourcing,
                     supplier footprint, and contracting with capable suppliers. Here are some potential
                     phases in NPI or the development chain:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Innovation. During this phase, research
                           is conducted. This can include market research (e.g., collecting and
                           disseminating customer feedback), competitor scanning, experimentation, and
                           invention.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Concept. Research coalesces into a vision
                           of the product/service that is vetted for customer demand and financial
                           promise.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Development. Engineering, manufacturing,
                           and other functions may work together to add detail to the concept through a
                           number of iterations. Concurrent engineering, design for logistics, or
                           design for the environment may be applied to ensure that the product will be
                           cost-effective to source, make, and deliver.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Prototyping. A working model of the
                           product and related services is developed. A prototype’s purposes include
                           proving feasibility and eliciting feedback. A prototype schedule helps
                           manage iterations of the prototype that capture feedback from both the
                           demand side and the supply side. Demand-side inputs include focus groups and
                           market-based release deadlines; supply-side inputs include make-or-buy,
                           production feasibility and cost, product architecture (e.g., integrated
                           versus modular), scalability and economies-of-scale plans, and capacity
                           requirements versus current load.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Engineering. Engineers develop the
                           product structure and bills of material, including detailed drawings,
                           tolerances, level of modularity, and manufacturing requirements. A document
                           management system can be used to help manage configuration (versions) and
                           collaboration efforts.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Supply. Supply requirements are
                           developed, capable suppliers are identified, and the supply footprint is
                           mapped out. The supply footprint is the map of where suppliers need to be
                           located and what critical characteristics, such as available capacity or
                           specific capabilities, need to be represented in each area. It is important
                           at this point to review supply constraints that may impact the NPI schedule.
                           In addition to finding capable suppliers fast enough, another supply
                           constraint is lead time versus cost, which can be significant due to global
                           sourcing. This differs by product type:

                        
                        
                        
                        
                           
                           
                           	
                              
                              
                              Innovative
                                 products typically require compressed time lines to shorten time to
                                 market.

                              
                              

                           
                           
                           
                           	
                              
                              
                              Functional
                                 products tend to have low margins, making cost the primary
                                 factor.

                              
                              

                           
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Manufacturing. While manufacturing was
                           listed elsewhere as a middle-of-life activity, clearly manufacturing
                           capability and capacity need to be developed earlier, at least to the degree
                           needed for the first planned phase of demand. The manufacturing environment,
                           process, and type and other choices are also determined. (These may also be
                           reassessed as the product goes through its life cycle and experiences
                           changes in customer expectations and/or production volume requirements.)
                           Future demand growth may later require more investments in capacity and
                           throughput.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Launch. Marketing and sales launch the
                           product and foster awareness of it.

                        
                        

                     
                     

                  
                  
                  
                  Note the mention above of innovative versus functional products.
                     Different sorts of products will require different NPI frequencies and different
                     supply chain strategies to make them work, as discussed more next.

                  
                  

               
               
               
               
                  
                  
                  NPI
                     Frequency versus Demand Uncertainty

                  
                  
                  
                  
                     
                     
                     New products occupy a spectrum from innovative
                        products at one end to functional products at the other end. Designing and Managing the Supply Chain cites
                        an article by Marshall Fisher, who coined the term technology clockspeed.
                        Clockspeed is the rate of technology change for the given industry, market, or
                        product. It strongly influences the duration of a product’s life cycle.
                        Innovative products have fast technology clockspeeds and life cycles, while
                        functional products have slow technology clockspeeds and life cycles. Fast
                        clockspeeds require compressed NPI schedules.

                     
                     
                     
                     The product design strategy and the supply chain strategy
                        need to align with the type of product being developed. An important supply
                        chain factor to consider is demand uncertainty. Items with low demand
                        uncertainty can be pushed out to the market because there is steady demand.
                        Items with high demand uncertainty should move more toward a pull model so that
                        only what is demanded is produced. Exhibit 3-14 compares NPI frequency to demand uncertainty, resulting
                        in four quadrants of product types.

                     
                     
                     
                     
                        Exhibit 3-14: NPI Frequency Versus Demand Uncertainty[image: Matrix showing strategies for stable or unstable demand and low or high clockspeed, with integral or modular design, push or pull supply chains, and example products. Go to long description for details.]
                     
                        Go to long description.
                        

                     
                     
                     
                     
                     As shown in the graphic, the four
                        categories of products are as follows:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           
                              
                                 Unstable demand, low clockspeed.
                                 
                              The life
                                 cycle for the products is long, and the products can have an
                                 integral design (not modular). The products can be pushed to a
                                 certain point, and then demand-pull can take over. This could occur
                                 by centralizing inventory and drop-shipping, for example.
                              

                           
                           

                        
                        
                        
                        	
                           
                           
                           
                              
                                 Unstable demand, high clockspeed.
                                 
                              Due to
                                 the high rate of change and short life cycles, manufacturing
                                 highlights responsiveness over cost. Modular designs, short lead
                                 times, maintaining excess capacity, and dynamic market pricing can
                                 help ensure that supply can quickly respond to changing
                                 demands.
                              

                           
                           

                        
                        
                        
                        	
                           
                           
                           
                              
                                 Stable demand, low clockspeed.
                                 
                              These are
                                 staple items that have low margins and need to be produced
                                 economically and create high turnover to ensure profitability. Since
                                 these are make-to-stock items, they can have an integral
                                 design.
                              

                           
                           

                        
                        
                        
                        	
                           
                           
                           
                              
                                 Stable demand, high clockspeed.
                                 
                              There are
                                 few finished goods in this category, but many types of components
                                 fit in this area if enough buyers exist to keep demand stable. Due
                                 to the short product life cycles, modular designs enable variations
                                 on products, and, as NPI occurs, portions of the product or
                                 component that don’t need to change might be able to be used in the
                                 new version. Push manufacturing and supply chain efficiency help
                                 ensure profitability.
                              

                           
                           

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               End-of-Life Plan Elements

               
               
               
               
                  
                  
                  The ASCM Supply
                        Chain Dictionary defines end-of-life product
                        management as:

                  
                  
                  
                  
                     
                     
                        Planning for the phase-out of a product to avoid out-of-stock situations, excess inventory,
                           or negative environmental impacts. This involves notifying customers so they can make
                           timely conversions and plan lifetime buys of replacement parts, as well as considering
                           the disposition of the materials.
                        

                     

                  
                  
                  
                  A phase-out plan or end-of-life plan is needed for the
                     point at which a product is no longer profitable due to lack of demand caused by
                     obsolescence, market saturation, or supply/manufacturing issues such as rising costs
                     (also affected by the level of competition). Such plans are started when the product
                     is still in the decline phase so they can be rolled out to begin the product’s
                     end-of-life phase (when the product is no longer being sold). These plans need
                     senior management support, consensus, and approval. A best practice is to
                     standardize the process so that important details such as communications will be
                     timely and professional. An end-of-life plan can include the following steps:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Determine an end-of-sales strategy and schedule. At the
                           appropriate time, communicate the strategy and schedule to suppliers,
                           supply chain customers, end customers, and other stakeholders. Often
                           end-of-sales is a closely guarded secret until the time of official
                           communication, because it can ruin sales of the old product. Customers
                           will wait for the new product, and this can result in unsold inventory.
                           The strategy may provide time to sell off remaining inventory (including
                           in the distribution network), sell it in bulk to a third party, reuse
                           components, recycle products, or responsibly dispose of them. Marketing
                           may reduce prices or provide upgrade incentives and support.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Determine an end-of-service strategy and schedule. This should
                           include plans for customer service, technical support, repairs, and/or
                           service parts and will need to be communicated well in advance. Service
                           could remain profitable for an extended period, or, as an investment in
                           customer loyalty, there could be a strategic decision to provide support
                           for the expected life of the final products sold. Service parts might be
                           outsourced or the designs sold to other organizations. Less-expensive
                           forms of service could be substituted.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Determine changes to manufacturing equipment or spaces that will no
                              longer be needed. This can
                           include selling the equipment, retooling it for new product introduction
                           (NPI), or reallocating space. The product manufacturing rights and
                           equipment could also be sold to a third party.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Incorporate end-of-life plans. This includes
                           plans for backward compatibility or the timing of the introduction of
                           new products into NPI.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Manage programs to accept products back at the end of their
                              lives. Such programs
                           could be based on regulatory requirements, be voluntary for
                           sustainability, or enable recovery of rare materials such as gold.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Perform risk and crisis management assessments. Contingency
                           plans can be made for issues such as product recalls, lawsuits, or
                           unhappy customers.
                           

                        
                        

                     
                     

                  
                  
                  
                  Planning and inventory management professionals can
                     provide valuable input or analysis for end-of-life plans. This includes reviewing
                     minimum order quantity requirements, other contractual requirements, lifetime sales
                     quantities and timing, and obsolescence timing.

                  
                  
                  
                  Products in decline can delay their end-of-life date by cutting
                     costs, often at the expense of customer service. However, other costs might increase
                     as suppliers also work to cut costs, since components may also be in decline.
                     Planning and inventory management professionals therefore need to review minimum
                     order quantity (MOQ) requirements from suppliers and for customers. Suppliers may
                     increase their MOQ in order to cut their manufacturing and supply chain costs, and
                     this will lower the organization’s ordering cost but increase inventory carrying
                     costs. Suppliers could instead lower the MOQ to promote sales if customers are no
                     longer willing to buy in bulk. The organization can also alter its MOQs for
                     customers for the same reasons. The net changes in costs will need to be analyzed
                     for their impact on profitability.

                  
                  
                  
                  Contractual promises may have been made to
                     suppliers to buy components or materials from suppliers or to provide products
                     and/or support to customers for a particular period, such as for a warranty period.
                     It is important to review exit clauses to determine if there are ways to end a
                     product per a desired time frame.

                  
                  
                  
                  Reviewing lifetime sales quantities and timing
                     involves estimating how many more units customers will purchase or can be convinced
                     to purchase as a product is in decline/nearing obsolescence. The purpose is to help
                     determine the timing of how many more units of the old product to produce and the
                     timing of when to stop production. If the product has a direct replacement, the
                     replacement needs to be available at that time. (This could be a new product or an
                     existing one that could be a substitute and may be subject to increased demand.)
                     Lifetime sales quantities are also used to estimate the quantities of components
                     such as spare parts that will be needed to repair the existing products in use
                     during their remaining useful life.

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

                  
                  
                  
                  The timing of end-of-sales will not necessarily be obvious.
                     Managers and salespersons will be invested in the status quo. Reviewing lifetime
                     sales history can help provide information on where a product is in its life cycle.
                     Historical sales trend data and the sales pipeline information from the sales
                     organization can be used to help reach consensus regarding a product’s end-of-sales
                     point. The information can also be used for product life cycle analysis for future
                     products that are similar.

                  
                  
                  
                  Obsolescence can be planned or market-based.
                     Planned obsolescence is part of an NPI strategy to release a replacement product and
                     market it as an essential upgrade. Market-based obsolescence is based on a steady
                     or
                     sudden drop in demand, often due to competitor actions. Reviewing obsolescence
                     timing involves forecasting when a product should or must reach its end-of-sales
                     point. It is also important to ensure that material requirements planning components
                     are planned accordingly as part of the end-of-sales plan, including

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Managing and
                           updating effectivity dates

                        
                        

                     
                     
                     
                     	
                        
                        
                        Removing safety
                           stocks and buffers

                        
                        

                     
                     
                     
                     	
                        
                        
                        Reducing lot
                           sizes

                        
                        

                     
                     
                     
                     	
                        
                        
                        Forecasting amounts
                           of excess or obsolete inventory and making plans for their
                           disposition.

                        
                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Quality Function Deployment and
               the Bathtub Curve

            
            
            
            
               
               
               Quality function
                  deployment (QFD) is a focused methodology for carefully listening
                  to the voice of the customer and effectively responding to the customers’
                  needs and expectations. It is also used to mitigate risk by listening
                  closely to customer requirements and translating them into plans
                  to produce specific products. The house-of-quality tool within QFD
                  allows comparing the organization’s product to competitors’ products
                  to help prioritize design improvements.

               
               
               
               Benefits of using QFD include the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     Capturing the voice of the customer (VOC)—Leads to products
                        and services that give total customer satisfaction. Builds the knowledge
                        base of the company.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Using multidisciplinary teams—Enforces teamwork, establishes
                        common objectives, and facilitates consensus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Improving planning—Priorities are established correctly and
                        resources are better employed.

                     
                     

                  
                  

               
               
               
               QFD can be applied to
                  both products and services.

               
               
               
               QFD is a meta-technique that uses many other techniques, such
                  as

               
               
               
               
                  
                  
                  	
                     
                     
                     Root cause analysis

                     
                     

                  
                  
                  
                  	
                     
                     
                     Current
                        and target conditions

                     
                     

                  
                  
                  
                  	
                     
                     
                     Implementation

                     
                     

                  
                  
                  
                  	
                     
                     
                     Follow-up
                        plans.

                     
                     

                  
                  

               
               
               
               One example of a technique
                  that can be used with QFD (or on its own) to assess current product
                  offerings is the bathtub curve.

               
               

            
            
            
            
               
               
               Bathtub Curve

               
               
               
               
                  
                  
                  It is difficult to estimate
                     product failures, as failure occurrences can vary over time. Failures
                     tend to occur in three phases and usually produce a curve that looks
                     like a drawing of a bathtub.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Early
                           product failure—Failures occur early in the product’s life, often
                           due to defective parts or improper use. (Note: In the model, this
                           is often called the “infant mortality” phase.)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Normal
                           life—Failure rates typically are low but do occur randomly.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Wear-out—Failure
                           rates rise because of parts wear and aging.

                        
                        

                     
                     

                  
                  
                  
                  Exhibit 3-15 shows
                     an example of a bathtub curve.

                  
                  
                  
                  
                     Exhibit 3-15: Bathtub Curve Example[image: Bathtub curve chart showing failure rate over time: high early product failures, low steady failure rate during normal life, and rising failures during wear-out.]
                  
                  
                  
                  
                  In
                     the typical product failure situation, the failure rate starts high
                     but drops quickly, since defective products or user errors in product
                     use tend to be discovered or occur right after acquisition. The
                     rate then grows slowly over time as the products age. Note that
                     if the early product failure rate were put on the graph by itself,
                     it would fall off to nothing quickly. If the wear-out rate were
                     also on the graph by itself, it would start out low and grow over
                     time. The bathtub curve is the combination of these two curves plus
                     a certain amount of random failure that would be evenly distributed
                     over time. This type of analysis could be done for a product using
                     information on product returns plus other information such as customer
                     surveys or long-term product testing.

                  
                  
                  
                  Another example would be the failure rate
                     of replaceable components in manufacturing equipment. Such an analysis
                     could be done before and after some type of quality initiative to
                     determine the improvement at various points in the product’s or
                     component’s life cycle. The intent is to improve reliability.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Participative
               Design Methods

            
            
            
            
               
               
               After discussing the
                  need for participative design/engineering (concurrent engineering),
                  we discuss this methodology as well as some similar methods called design
                  for manufacturability/maintainability.

               
               

            
            
            
            
               
               
               Need for Participative Design/Engineering

               
               
               
               
                  
                  
                  After the organization has identified the customer
                     segments and the product parameters it needs to provide, the next step is to develop
                     the products and the associated processes that will align with the strategy and thus
                     satisfy customer requirements. An older process of product and production process
                     design involved sequential handoffs of partially completed designs to various
                     functional areas. It had engineers design a product and then had each department
                     sequentially react to it. This inefficient process resulted in long delays and much
                     required rework.

                  
                  
                  
                  A more collaborative
                     process can provide fast feedback and help find the right combination
                     of priorities in terms of cost, quality, lead time, and so on that
                     will provide value to a given customer segment. Identifying the
                     needs of this segment related to a particular product may involve
                     techniques such as the voice of the customer. For business-to-business
                     (B2B) customers, this may take the form of various types of requirements—from
                     needs to be satisfied with the means left up to the organization,
                     to detailed engineering specifications to be followed precisely. Customers
                     may also participate in collaborative product design methods.

                  
                  
                  
                  Collaboration on just product design is insufficient
                     because the design of the production process is integral to the design of the
                     product. Some manufacturing environments or their subtypes can result in distinct
                     product designs, such as products that rely on postponement or modular design. As
                     a
                     product’s features are determined, the necessary tooling, equipment, materials, and
                     process steps must also be determined. In some cases, a product prototype is
                     developed first and a later stage determines how to get to full-scale production.
                     For other products, full-scale production can be designed at the same time the
                     product is being designed.

                  
                  
                  
                  Once a process
                     is developed that can provide the right quality level at the right
                     level of efficiency to maintain desired profit margins, it is important
                     to double-check that the process can accommodate all other planning
                     parameters. These parameters include not only necessary throughput
                     or production volume but also order quantity modifiers for expected
                     levels of scrap or for products consumed in quality testing. There
                     may also be modifiers for predetermined levels of inventory buffers
                     or safety stock or for maintaining a certain percentage of unused
                     capacity.

                  
                  
                  
                  In
                     most cases, a new product and its associated process design are
                     implemented using project management. This is because, unlike in
                     ongoing operations, creating new designs, rearranging plant layouts,
                     and other necessary tasks are temporary endeavors that require specialized
                     cross-functional teams. Project management is uniquely suited to
                     building unique processes while getting only what is in scope done so
                     as to control cost and schedule.

                  
                  
                  
                  Getting engineers, manufacturing professionals,
                     and others involved early on in product and process design can help
                     in avoiding the need to rework the designs later. (Design rework
                     not only adds significant expense but also greatly delays the time
                     to market for the product, opening the door for competitors to gain
                     market share.) Ways to do this include participative design/engineering
                     and design for manufacturability/maintainability.

                  
                  

               
               

            
            
            
            
               
               
               Participative Design/Engineering (Concurrent
                  Engineering)

               
               
               
               
                  
                  
                  Once product and process features have
                     been defined by the quality function deployment process, participative
                     design/engineering (also called concurrent design or engineering)
                     can be used to design the product and the process. This involves forming
                     a multifunctional team of representatives from various departments
                     to participate in concurrent product and process design.

                  
                  
                  
                  The objectives of concurrent
                     engineering are as follows:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Ensuring
                           that internal and external customer needs are met

                        
                        

                     
                     
                     
                     	
                        
                        
                        Consideration
                           of all inputs simultaneously to reduce the number of product and process
                           design changes

                        
                        

                     
                     
                     
                     	
                        
                        
                        Compressing
                           time from product concept to market introduction

                        
                        

                     
                     
                     
                     	
                        
                        
                        Prevention
                           of quality and reliability problems

                        
                        

                     
                     
                     
                     	
                        
                        
                        Cost
                           reduction

                        
                        

                     
                     

                  
                  
                  
                  Involving
                     external customers in concurrent engineering teams is a widely used practice.
                     It is another example of involving the voice of the customer in
                     product and process design.

                  
                  
                  
                  Two techniques that
                     support concurrent engineering include early manufacturing involvement
                     and early supplier involvement, defined in the ASCM Supply Chain Dictionary as
                     follows.

                  
                  
                  
                  
                     
                     Early
                           manufacturing involvement:
                        Involving manufacturing personnel and customers early in the product design activity
                           to more efficiently generate improved designs that are easier to manufacture with
                           high quality. Early involvement draws on their expertise, knowledge, and insight and
                           provides the design benefits of increased functionality, improved quality, ease of
                           manufacture and assembly, ease of testing and better testing procedures, ease of service,
                           decreased cost, and improved aesthetics. See: design for manufacture and assembly
                           (DFMA), early supplier involvement (ESI), participative design/engineering.

                     
                     Early supplier
                           involvement (ESI):
                        The practice of involving suppliers early in the product design activity to draw on
                           their expertise, insights, and knowledge to more efficiently generate better designs
                           that are easier to manufacture with high quality. See: early manufacturing involvement,
                           participative design/engineering.

                     

                  
                  

               
               

            
            
            
            
               
               
               Design for Manufacturability and Maintainability

               
               
               
               
                  
                  
                  Design
                     for manufacturability (or design for manufacture and assembly) and
                     design for maintainability (also known as design for service) are
                     two techniques that benefit from quality function deployment and
                     other forms of customer input and that provide value to customers.
                     The ASCM Supply Chain Dictionary defines these
                     terms as follows.

                  
                  
                  
                  
                     
                     Design for manufacturability (DFM):
                        Simplification of parts, products, and processes to improve quality and reduce manufacturing
                           costs. See: design for manufacturing (DFM).

                     
                     Design for manufacture and assembly
                           (DFMA):
                        A product development approach that involves the manufacturing function in the initial
                           stages of product design to ensure ease of manufacturing and assembly. See: design
                           for manufacturing (DFM), early manufacturing involvement.

                     
                     Design for service:
                        Simplification of parts and processes to improve the after-sales service of a product.
                           Syn.: design for maintainability.

                     

                  
                  
                  
                  Before we examine designing for
                     manufacturability and maintainability further, there is another related
                     quality function deployment concept to keep in mind: form-fit-function. This is defined by the ASCM Supply Chain Dictionary as: “The process of designing a product to meet or exceed the performance requirements
                        expected by customers. See: form utility, voice of the customer (VOC).”

                  
                  
                  
                  In design for manufacturability,
                     the goal is to design a product that

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Can
                           be produced as quickly and efficiently as possible, including manufacturing
                           at scale

                        
                        

                     
                     
                     
                     	
                        
                        
                        Meets
                           fitness for use, quality, and product saleability requirements

                        
                        

                     
                     
                     
                     	
                        
                        
                        Meets
                           cost criteria.

                        
                        

                     
                     

                  
                  
                  
                  Design for manufacturability needs to start with part or
                     subassembly specifications to the suppliers. Suppliers then can ensure that
                     parts supplied to customers are compatible with the latter’s assembly
                     strategy as well. Postponement of assembly or packaging to the last possible
                     supply chain location may be employed in order to shift product
                     differentiation closer to the customer.

                  
                  
                  
                  A quick way to understand
                     the core issues of design for maintainability is to be aware of
                     the key design tradeoffs that need to be weighed.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Reliability versus maintainability:
                           If availability is the requirement, either reliability or maintainability
                           could be the design choice.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Modular
                           versus nonmodular construction: Modular design is more expensive
                           but diagnosis and repair are easier.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Repair
                           versus disposal: The latter could be preferred if the replacement
                           cost is low.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Built-in
                           versus external test equipment: Built-in is expensive but reduces diagnostic
                           time.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Person
                           versus machine: Design could enable maintenance by skilled technicians using
                           general-purpose equipment or could be highly engineered and require special
                           instrumentation and repair facilities.

                        
                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Product Configuration
               and Changes

            
            
            
            
               
               
               Product configuration refers to the current version of
                  engineering diagrams and related documentation such as bills of material that are
                  used by manufacturing to order materials and make the product. When a product
                  requires engineering changes, such as to keep it in a given product life cycle phase
                  longer or enable it to profitably enter a different phase, there needs to be a
                  disciplined process in place to assess the need for the change, formally
                  approve/reject it, and then distribute the new files and documents to all impacted
                  parties to ensure that no one is using the old versions. This can include suppliers,
                  transportation, material handling, operations, final assembly, and so on. This
                  process goes hand in hand with physical plant and equipment changes and worker
                  retraining.

               
               

            
            
            
            
               
               
               Manufacturing Environment and Product
                  Structure

               
               
               
               
                  
                  
                  It is critical that, as a product is being configured
                     differently or changed, it is still capable of being built efficiently in the
                     current manufacturing environment (or planned new environment). This change
                     validation step reviews the product structure, which is the sequence of operations
                     used to produce subcomponents and so on up to the final product.

                  
                  

               
               

            
            
            
            
               
               
               Engineering Changes, Causes, and Actions

               
               
               
               
                  
                  
                  The engineering control process is a master scheduler
                     technique to maintain the integrity of data, including both the accuracy and
                     currency of bill-of-material data that reflect product structures. These are
                     critical to the master scheduling and material requirements planning processes.

                  
                  
                  
                  Engineering
                     changes occur for reasons ranging from regulatory compliance to
                     those driven by the market. Market-driven engineering changes may
                     be the result of product improvement and the correction of design
                     errors, customer requests, cost reductions, and process improvement.
                     Urgent or surprise engineering changes can negatively impact the
                     master schedule, while well-planned and necessary ones can improve
                     it.

                  
                  
                  
                  Exhibit 3-16 divides
                     engineering changes into two categories: mandatory and phased-in or
                     optional. Product design or redesign that increases parts commonality
                     and process standardization helps to simplify both master scheduling
                     and material planning.

                  
                  
                  
                  
                     Exhibit 3-16: Engineering Changes
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Type of Change

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Product Issue/Reason
                                          for Change

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Action Required

                                       
                                       
                                    
                                    

                                 
                                 
                              
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Mandatory

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Failure
                                                to function

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Safety issue

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Legal
                                                compliance

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Immediate

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Engineering
                                                change notice

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Design
                                                review board process

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Phased-in/optional

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Product
                                                improvement or correction

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Adapting product or manufacturing process to new
                                                life cycle phase 

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Customer
                                                request

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Cost
                                                reduction

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Process
                                                improvement

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Phase-out
                                                or modification of existing products

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Review of
                                                options for effectivity date when old part is no longer in inventory
                                                or when a given serial number is processed

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Engineering
                                                change notice

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Design review board process

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                  
                  
                  
                  Note that an effectivity
                     date is part of an effectivity plan, or the plan for when a material
                     on a bill of material (BOM) or an entire BOM becomes the effective
                     one to use and when the prior material or BOM being replaced is
                     no longer to be used. The effectivity date is typically entered
                     into a manufacturing planning and control (MPC) system so that the
                     transition occurs automatically at all locations. MPC is sometimes addressed
                     within an enterprise resources planning system; some of these systems allow
                     for the implementation of engineering changes to a specific serial
                     number.

                  
                  
                  
                  An effectivity
                     plan needs to plan for the logistics of when the new materials will actually
                     be available at the location(s) where they are needed and in sufficient quantity.
                     It is also desirable to use up the remaining inventory of the old
                     material when possible. (Mandatory changes or recalls may not allow
                     this.)

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Section B: Sources of
            Demand/Forecasting

         
         
         
         
            
            
            
               After completing
                  this section, students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Evaluate demand channels, business-to-business commerce
                     (B2B), and business-to-consumer sales (B2C) 

                  
                  

               
               
               
               	
                  
                  
                  Evaluate independent demand 

                  
                  

               
               
               
               	
                  
                  
                  Evaluate dependent demand 

                  
                  

               
               
               
               	
                  
                  
                  Understand demand forecasting concepts 

                  
                  

               
               
               
               	
                  
                  
                  Evaluate time horizons, time buckets, and levels of
                     aggregation for forecasting purposes 

                  
                  

               
               
               
               	
                  
                  
                  List the steps in
                     the forecasting process

                  
                  

               
               
               
               	
                  
                  
                  Describe types of
                     information needed to create a forecast for each of the manufacturing
                     environments

                  
                  

               
               
               
               	
                  
                  
                  Differentiate
                     between qualitative and quantitative forecasting techniques

                  
                  

               
               
               
               	
                  
                  
                  Understand management considerations and tradeoffs related
                     to forecast method selection 

                  
                  

               
               
               
               	
                  
                  
                  Understand and utilize qualitative techniques to create
                     forecasts 

                  
                  

               
               
               
               	
                  
                  
                  Explain how pyramid
                     forecasting includes both qualitative and quantitative aspects to align
                     individual product forecasts with the business plan

                  
                  

               
               
               
               	
                  
                  
                  Explain the
                     differences between extrinsic and intrinsic forecasting techniques

                  
                  

               
               
               
               	
                  
                  
                  Understand and utilize quantitative techniques to create
                     forecasts including 1) utilize appropriate time series decomposition; 2)
                     utilize appropriate time series analysis; 3) utilize appropriate output from
                     associative techniques; and 4) utilize appropriate advanced data analytics 

                  
                  

               
               
               
               	
                  
                  
                  Understand the pros
                     and cons of various qualitative forecasting methods

                  
                  

               
               
               
               	
                  
                  
                  Identify the
                     criteria used in the selection of a forecasting method.

                  
                  

               
               

            
            
            
            Here we address the need to review the various sources of demand
               to ensure that no source is omitted from planning. The differences in independent
               and dependent demand are addressed.

            
            
            
            The section also addresses qualitative and
               quantitative forecasting techniques. Quantitative techniques include causal methods,
               such as using economic leading indicators to develop a forecast based on a
               cause-and-effect relationship with an indicator and overall sales. They also include
               time series forecasts, which project forward what has happened in the recent
               past.

            
            
            
            The discussion covers how to generate a
               reliable forecast even when there are complications such as seasonality and trends.
               Criteria for selecting which forecasting technique to use and methods for evaluating
               forecast performance are also covered. Selecting the appropriate forecasting
               technique is a balancing act. For some situations, multiple techniques are used. For
               example, forecasting for products that are subject to promotional demand uses both
               qualitative and quantitative techniques.

            
            

         
         
         
         
   
      
         
         
         
         Demand
            Channels and Sources

         
         
         
         
            
            
            After discussing
               B2B and B2C categories of demand, we provide a brief overview of various
               demand channels. We also define independent and dependent demand
               and show how the varieties of these sources of demand need to be
               identified and included as inputs. One way that independent demand
               from DCs is aggregated is through item forecasts, so these are also
               covered.

            
            

         
         
         
         
         
            
            
            Demand Channels

            
            
            
            
               
               
               Demand channels include B2B and B2C at a high level. Either
                  type will require a distribution channel and a transaction channel. We address
                  forecasting for various B2B and B2C distribution channels.

               
               

            
            
            
            
               
               
               Distribution versus Transaction Channels

               
               
               
               
                  
                  
                  A distribution channel is defined by the ASCM Supply Chain Dictionary as: “The distribution route, from raw materials through consumption, along which products
                        travel toward the consumer. See: marketing channel.”

                  
                  
                  
                  Companies may deliver products directly
                     to their customers, or they may use intermediary companies to distribute
                     some or all of their products.

                  
                  
                  
                  A transaction channel is defined by the ASCM Supply Chain Dictionary as: “A distribution network that deals
                        with change of ownership of goods and services including the activities of
                        negotiation, selling, and contracting.” While the distribution channel handles the disposition of goods or services, a
                     transaction channel addresses the transfer of funds and ownership between the
                     selling organization and the consumer.

                  
                  
                  
                  Exhibit 3-17 shows
                     distribution and transaction channels for a manufacturer that does not
                     deliver directly to customers.

                  
                  
                  
                  
                     Exhibit 3-17: Distribution and Transaction Channels[image: This diagram shows the flow of goods from production to the consumer, including both sales and physical distribution. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Differences relating
                     to bulk and condition between raw materials and finished products
                     influence the design of the entire logistics system, including the
                     location of warehouses and factories. For example, a home improvement
                     retailer may not carry stock of large appliances at retail locations,
                     choosing instead to rely on warehouse storage and a local carrier
                     to fill orders due to the size of the appliances. However, the same
                     retailer will carry stock of smaller tools at their retail location
                     for direct sale to the customer. This decision by the retailer will
                     likely cause differences between the supply chains of the appliance
                     manufacturer and the tool manufacturer and will affect how the retailer
                     sets up its internal supply chain to stores.

                  
                  
                  
                  Note that both the distribution channel
                     and the transaction channel will also have a reverse logistics role.
                     The distribution channel will need to be able to move returned items
                     upstream, while the transaction channel will need to authorize the
                     return as well as move refunds downstream to the intermediate and/or
                     final customer.

                  
                  
                  
                  The specific way materials
                     and goods move depends on many factors, including

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        The type and quantity
                           of distribution channels available for use

                        
                        

                     
                     
                     
                     	
                        
                        
                        Market
                           characteristics

                        
                        

                     
                     
                     
                     	
                        
                        
                        Product
                           characteristics

                        
                        

                     
                     
                     
                     	
                        
                        
                        Available
                           modes of transportation.

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Distribution Channels

               
               
               
               
                  
                  
                  Demand characteristics
                     differ depending on the distribution channel, or the method by which a product or
                     service reaches the market. Distribution channels are formed from various echelons
                     in the supply chain that generate demand for products and services. An echelon is
                     a
                     category of the supply chain, such as a distribution center, a distributor, or a
                     retailer. A given supply chain may or may not include a given echelon. While these
                     intermediaries are not the final customer, they are the ones placing resupply
                     orders, and so demand from these sources needs to be taken into account. These
                     sources of demand will aggregate the demand from their downstream supply chain
                     customers.

                  
                  
                  
                  Exhibit 3-18 shows
                     three types of distribution channels. (There are many distribution channels; these
                     are generic categories.)

                  
                  
                  
                  
                     Exhibit 3-18: Direct, Exclusive, and Complex Channels[image: The image depicts three types of distribution channels used by manufacturers to deliver products to customers: Direct/internal, Exclusive and select, and Complex. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  The
                     differences between each channel shown include the following:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        The direct/internal
                           channel is often used for transfers to other plants or business units
                           or for B2B sales. Demand could be for inventory or for ETO or MTO
                           goods. B2C sales typically rely on a network of distribution centers
                           rather than directly shipping from the manufacturer, except perhaps
                           in the case of ETO or MTO goods. Regardless, demand in this case
                           is directly from the customer.

                        
                        

                     
                     
                     
                     	
                        
                        
                        In
                           the exclusive and select channel, a distributor is shown placing
                           the orders. The ASCM Supply Chain Dictionary defines distributor as follows:

                        
                        
                        
                        
                           
                           
                              A business that does not manufacture its own products but instead purchases and supplies
                                 these products to customers, usually from a stock of finished goods inventory. Distributors
                                 often have a long-term relationship with specific manufacturers and help them market
                                 their products to customers. See: wholesaler.
                              

                           

                        
                        
                        
                        Similar
                           networks could have a distribution center or other intermediary
                           placing the orders.

                        
                        

                     
                     
                     
                     	
                        
                        
                        In
                           the complex channel, demand is from an internally owned distribution
                           center, which is likely directly connected to the manufacturer’s
                           master production schedule through a distribution requirements planning
                           module.

                        
                        

                     
                     

                  
                  
                  
                  Exhibit 3-19 illustrates
                     some common distribution channels. Since production is the starting point for each
                     channel (in supplier-to-customer transactions, the supplier is also a production
                     point), we will start with production and then discuss each of the channels shown
                     in
                     the graphic. We also discuss omni-channel distribution (a sort of all of the above
                     channel).

                  
                  
                  
                  
                     Exhibit 3-19: Distribution Channels[image: Diagram of B2C and B2B distribution flows from suppliers through distribution centers, manufacturers, wholesalers, and retailers to customers, with alternate e-commerce and direct-ship paths and an added service installer step for installation.]
                  
                  
                  

               
               
               
               
                  
                  
                  Production

                  
                  
                  
                  
                     
                     
                     Understanding demand requires understanding the
                        capabilities and limitations of production so you know what is and what isn’t feasible
                        or
                        cost-effective. This includes knowing general product volume capabilities, product
                        mixes,
                        costs of regular and customized services, and delivery times as well as having an
                        understanding of how flexible the system is (to change what is being produced) and
                        how
                        agile it is (to ramp capacity up or down quickly). Production divisions or suppliers
                        may
                        also have administrative support services or information systems that can be
                        leveraged.

                     
                     
                     
                     The forecasting discussed elsewhere is from a production
                        perspective. Note that make-to-stock production will typically forecast inventory
                        end units,
                        assemble-to-order will typically forecast assemblies using a modular (planning) bill
                        of
                        materials, and make-to-order will typically forecast raw material needs. Lean manufacturing
                        may also forecast long-lead-time raw materials. All of these methods may use long-term
                        forecasting to forecast capacity requirements.

                     
                     
                     
                     One way to produce only what is likely to be needed is to use the P/D ratio. The P/D
                        ratio is the ratio of production lead time to demand lead time. Production lead time
                        (P
                        time) is the cumulative lead time to source and transform a product. Demand lead time
                        (D
                        time) is the customer’s lead time, which is based partly on market expectations and
                        partly
                        on promises made to the customer. Reducing P time (ideally to less than D time) will
                        make
                        it easier to match supply and demand in any production environment. Simplification,
                        standardization, and postponement also can help make P time shorter and forecasts
                        more
                        accurate. 

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Business-to-Consumer

                  
                  
                  
                  
                     
                     
                     The ASCM Supply Chain Dictionary defines business-to-consumer
                           (B2C) as:

                     
                     
                     
                     
                        
                        Business conducted
                              between businesses and final consumers, bypassing any third-party entities. It
                              includes traditional brick-and-mortar businesses that may or may not also offer
                              products and services online as well as businesses that trade exclusively on the
                              internet.

                        

                     
                     
                     
                     B2C includes e-commerce
                        and retail as well as companies that perform omni-channel distribution (simultaneous
                        management of retail, e-commerce, and other trade such as business-to-business commerce).
                        Since B2C organizations have direct information on consumer sales and returns, forecasting
                        is fairly straightforward. Providing this information to upstream supply chain partners
                        is
                        especially important for any make-to-stock goods.

                     
                     

                  
                  
                  
                  
                     
                     
                     Retail

                     
                     
                     
                     
                        
                        
                        There are a number of ways the retail
                           distribution channel can get goods from production to the retailer. These
                           include

                        
                        
                        
                        
                           
                           
                           	
                              
                              
                              Manufacturer’s centralized distribution
                                 center

                              
                              

                           
                           
                           
                           	
                              
                              
                              Retailer’s warehouse

                              
                              

                           
                           
                           
                           	
                              
                              
                              LSP/3PL

                              
                              

                           
                           
                           
                           	
                              
                              
                              Wholesaler’s warehouse

                              
                              

                           
                           
                           
                           	
                              
                              
                              Direct delivery through owned vehicles, a
                                 carrier, or a parcel service

                              
                              

                           
                           
                           
                           	
                              
                              
                              Retailer direct pickup.

                              
                              

                           
                           

                        
                        
                        
                        Use of a manufacturer’s centralized DC is still
                           common in the brewing industry but is otherwise less common now than in the past.
                           Retailers’ warehouses and logistics service providers (LSPs) or third-party
                           logistics (3PLs) may specialize as consolidation (building store assortments) or
                           break-bulk (breaking down full truckloads, etc., into order sizes more suitable for
                           retail use) centers. These are very common methods of retail fulfillment as they
                           allow for full truckload deliveries to each store. 3PLs also sometimes specialize
                           in
                           one type of trade, such as the garment industry, to further add value. Wholesalers
                           buy in bulk and resell at a discount from what retailers could get from the
                           manufacturer themselves. This price advantage is how they add value in addition to
                           providing consolidated truckloads of multiple manufacturers’ goods. They can own
                           their own fleets. Direct delivery to retail is fairly rare, as it is generally done
                           only when full truckloads can be shipped. Retailer pickup is often the only means
                           for smaller retailers to get goods when they order in small quantities and delivery
                           cost would be prohibitive.

                        
                        
                        
                        From a demand management perspective, retail
                           distribution channels need to carefully maintain supplies of inventory in stores.
                           Stockouts and overstocks are both expensive in terms of lost customers or lost
                           profits. For many items, sales now trigger reorders automatically, which helps keep
                           inventory low but items in stock. Minimizing everyday pricing seems to be the
                           winning pricing model, but even this model has periodic promotions for seasonal
                           events. Communicating any promotions up the chain is critical.

                        
                        
                        
                        It is important to understand which echelon is
                           doing the forecasting for retail products. In a retail setting with thousands of
                           stores, forecasting may be at the DC level since point-of-sale data can be
                           aggregated from each store, producing a more accurate forecast than if there were
                           instead a series of individual store-level forecasts. Ideally, this aggregate
                           forecast is then shared with upstream echelons. It would be unwise for the
                           manufacturers and suppliers to each make their own demand forecasts; rather, there
                           should be only one demand forecast that drives sales and operations planning product
                           family rate decisions and master schedule product mix decisions.

                        
                        

                     
                     

                  
                  
                  
                  
                     
                     
                     E-Commerce

                     
                     
                     
                     
                        
                        
                        E-commerce can also take many forms. The method of
                           ordering is usually the internet, but phone and catalog orders still exist. Delivery
                           can be from any supply chain echelon, from factory-direct to retailer-direct. The
                           most common form is pure online sales with direct fulfillment from owned
                           distribution centers. Usually deliveries are handled by parcel services, but some
                           of
                           these organizations now own fleets in key markets to enable same-day delivery.
                           Grocery delivery services also generally require their own fleet of smaller
                           refrigerated vehicles in addition to their own DCs (or grocery stores). Digital
                           products, of course, can be distributed completely online. Factory-direct is usually
                           suitable for direct selling of specialty products that can avoid being stocked in
                           a
                           warehouse while still providing acceptable customer service.

                        
                        
                        
                        E-commerce forecasting may require compensating for the extra long lead times
                           required for global sourcing due to the bottlenecks in ports and canals, for
                           example. Seasonal trends and large sale events such as Black Friday also need to be
                           factored in to forecasts, as do the similar actions of competitors. Forecasts also
                           need to factor in global differences in tastes and preferences when forecasting
                           regional demand for products or services. Creating good product categories with
                           regional subdivisions can help. It is also important to ensure real-time inventory
                           trends are factored in to forecasts.

                        
                        
                        
                         E-commerce already has the advantage of lower
                           overhead (when the organization using it does not have retail locations), so it has
                           more flexibility to adjust prices to match changing demand as well as to leverage
                           demand toward surplus items. However, online competitors are just as easy to find,
                           so price or delivery time changes can be done only within a narrow range. Production
                           flexibility can be gained by working with multiple suppliers and arranging direct
                           deliveries when this method is faster and still cost-effective. Centralizing
                           inventory and unevenly distributing slow-selling inventory are ways e-commerce
                           sellers keep inventory minimal but still readily available. 

                        
                        

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Business-to-Business

                  
                  
                  
                  
                     
                     
                     The
                        ASCM Supply Chain Dictionary defines business-to-business
                           (B2B) as:

                     
                     
                     
                     
                        
                        Business conducted
                              between two organizations, often via e-commerce. This type of connectivity allows
                              businesses to act as a virtual supply chain management entity in order to reduce
                              costs, improve quality, reduce delivery lead times, and improve due-date
                              performance.

                        

                     
                     
                     
                     Some organizations engage only in sales of industrial products;
                        all suppliers of raw materials and components also fit in this category. Either party
                        might
                        arrange for transportation as dictated by economics. For example, while the supplier
                        is
                        usually the one to arrange for shipments to the corporate customer, in some cases
                        the
                        customer might be able to combine shipments from more than one supplier into a full
                        truckload or containerload, in which case a broker may be involved to handle the combined
                        transportation.

                     
                     
                     
                     B2B sellers differ by whether
                        their products are commodities or are specialized. Commodities can sometimes command
                        a
                        slightly higher price when service reliability or faster lead times can be guaranteed,
                        but
                        otherwise prices are market-driven. Specialized products can use price and lead time
                        levers (changing the price or offering longer or shorter lead times to promote demand
                        for
                        items that are in surplus, including substitutes, or rationing demand for items/services
                        that are scarce). Often these products use a make-to-order model, which eliminates
                        the
                        inventory lever (i.e., determining how much inventory to hold can result in supply
                        surplus, equilibrium, or shortage) except for component parts. Production and
                        transportation lead times need to be similar to or better than that of the competition
                        when competitors exist. Because this channel is so often make-to-order, long- or
                        medium-term forecasting will be used to forecast capacity and short-term forecasting
                        will
                        be for long-lead time components or raw materials to enable offering competitive lead
                        times. If products are instead engineer-to-order (custom design), even raw materials
                        will
                        be ordered only after the design is complete. The only type of forecasting will be
                        for
                        critical skills and other types of capacity—for example, whether the organization
                        will
                        have enough firmware engineers for upcoming projects.

                     
                     
                     
                     Organizations may rely on B2B or B2C exclusively or
                        may have demand from both, either for different products or for the same products.
                        For
                        example, roofing materials might be sold to consumers through retail and also to
                        homebuilders at bulk prices.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Supplier-to-Customer

                  
                  
                  
                  
                     
                     
                     The supplier-to-customer channel involves the
                        direct shipment of supplier materials to the customer, which could be arranged by
                        the
                        supplier or by an online seller. Suppliers will need to combine forecasts from this
                        demand
                        source with forecasts from other sources, such as B2B and B2C sales. The advantages
                        are
                        that the goods never have to go through the seller’s warehouse and the end consumer
                        may
                        get the item sooner. The consumer might need to pay for the shipping via a parcel
                        service.
                        Computer parts and monitors are examples of situations where this might make sense.
                        B2B
                        customers are an area where removing an echelon from physical distribution may make
                        sense
                        for certain shipments.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Service Installation

                  
                  
                  
                  
                     
                     
                     Service installation refers to when a product sale is bundled with its installation.
                        This could be B2B or B2C, for example sales of solar panels, HVAC systems, or
                        industrial equipment. The service installer acts as the main customer point of
                        contact in the transaction channel for the sale and as the last point in the
                        distribution channel as they arrange direct delivery to the customer. The service
                        installer also has ability to influence customers using upselling and cross selling
                        during the installation. When the product is sold, the installation date is part of
                        the negotiation. A service contract may also be part of a bundled sale.

                     
                     
                     
                     The service installer may get the products it installs from a wholesaler or it might
                        be a manufacturer in its own right. Since the sale involves lead times not only for
                        the product component but also lead times for the service component (capacity
                        related to availability of installers), both of these constraints need to be taken
                        into account in order promising and forecasting of orders.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Omni-Channel
                     Distribution

                  
                  
                  
                  
                     
                     
                     Organizations might select multiple channels and subchannels
                        for distribution of their products, and if all channels need
                        to be available at the same time, this is called
                        omni-channel distribution. With omni-channel distribution,
                        the customer might view and handle the product at a retail
                        store or showroom, shop online for the best price and
                        delivery, and then take delivery of the product at a
                        warehouse. The product pricing and availability information
                        must be easily obtained and consistent across all channels,
                        and the price must be competitive with other online prices
                        to reduce the risk of the customer switching to a competitor
                        partway through the process.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Channel Selection

                  
                  
                  
                  
                     
                     
                     The reasons for selecting a particular channel or
                        channels need to be clear, because different channels entail different costs. A key
                        determinant is where the customer expects to find the product and where the possibility
                        of
                        making a sale will be increased. If both retail and internet sales are determined
                        to be
                        necessary, the best distribution channels will be those that can deliver at the lowest
                        cost with the requisite levels of customer service. This may be a combination of sales
                        to
                        various independent organizations. Retail shelf and/or website display prominence
                        may
                        require making closer deals with these organizations or offering them discounts.

                     
                     
                     
                     Channel selection can impact levels of service and
                        cost-related factors such as

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Reliability and on-time
                              delivery

                           
                           

                        
                        
                        
                        	
                           
                           
                           Negotiating minimum order
                              sizes, bulk purchase price breaks, or unit types (e.g., pallets, unit loads)

                           
                           

                        
                        
                        
                        	
                           
                           
                           Packaging for faster or
                              more organized retail store distribution

                           
                           

                        
                        
                        
                        	
                           
                           
                           Delivery within narrow windows

                           
                           

                        
                        
                        
                        	
                           
                           
                           Minimizing and passing on
                              cost savings in the form of lower prices

                           
                           

                        
                        
                        
                        	
                           
                           
                           Adding more value than
                              cost as perceived by end customers

                           
                           

                        
                        
                        
                        	
                           
                           
                           Being able
                              to quickly communicate relevant information such as that on service failures, damage
                              reports, inventory levels, and so on.

                           
                           

                        
                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Identifying
               Independent and Dependent Demand Sources

            
            
            
            
               
               
                Manufacturing Planning and Control
                     for Supply Chain Management notes that it is critical that material
                  and capacity planners identify all sources of demand for items. Because
                  they are managed in different ways, it is important to distinguish
                  between items with independent demand and dependent demand. The ASCM Supply Chain Dictionary defines
                  these terms as follows.

               
               
               
               
                  
                  Independent demand:
                     The demand for an item that is
                        unrelated to the demand for other items. Demand for finished goods, parts required
                        for destructive testing, and service parts requirements are examples of independent
                        demand. See: dependent demand.

                  
                  Dependent demand:
                     Demand that is directly related to or derived from the bill-of-material structure
                        for other components or end products. Such requirements are therefore calculated instead
                        of forecasted. A given inventory item may have both dependent and independent demand
                        at any given time. For example, a part may simultaneously be the component of an assembly
                        and sold as a service part. See: derived demand, independent demand.

                  

               
               
               
               The key difference between dependent and
                  independent demand is that independent demand originates from sources
                  outside the control of the organization while dependent demand originates
                  from internal sources or sources the organization can control. Often
                  independent demand will be for items that the organization sells
                  as individual units and dependent demand will be for the materials
                  used to make those units. Independent demand is determined using
                  forecasts and order management. Dependent demand is not forecasted;
                  instead, it is calculated as part of the material requirements planning
                  process.

               
               
               
               Items can be subject
                  to both independent and dependent demand. Consider the example of
                  a water pump for a car. The independent demand for service parts
                  sold to auto parts stores would be forecasted; the dependent demand
                  for pumps used in vehicle assembly would be calculated using the
                  bill of material and other inputs. (The bill of material is a list
                  of all parts, materials, or ingredients that comprise a single unit.)
                  The two sources of demand would then be summed to determine the
                  net requirements for water pumps.

               
               
               
               Independent demand
                  comes from a number of internal and external sources:

               
               
               
               
                  
                  
                  	
                     
                     
                     Forecasting

                     
                     

                  
                  
                  
                  	
                     
                     
                     Customer orders (finished goods and service parts)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Service repairs or warranty-related demand and related service contracts

                     
                     

                  
                  
                  
                  	
                     
                     
                     Replenishment orders (distribution or warehouse
                        requirements)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Vendor-managed inventory (VMI)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Interplant
                        demand or intercompany transfers (e.g., between subsidiaries)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Internal use (research and
                        development, quality control, destructive testing, marketing use such as
                        samples)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Rework

                     
                     

                  
                  
                  
                  	
                     
                     
                     Donations

                     
                     

                  
                  

               
               
               
               Everything listed except
                  forecasting represents actual orders, and this demand is differentiated
                  from forecasted demand by calling it actual demand. Replenishment orders
                  come from downstream business customers such as distribution centers.
                  A distribution requirements planning system would be used to automatically
                  include replenishment orders and interplant/intercompany orders
                  in the gross requirements of the master scheduling system.

               
               
               
               Internal use items
                  and end customer orders would enter the enterprise resources planning
                  system through order management.

               
               
               
               Exhibit 3-20 lists
                  examples of inventory items for each type of demand.

               
               
               
               
                  Exhibit 3-20: Independent and Dependent Demand
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Independent
                                       Demand Inventory

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Dependent
                                       Demand Inventory

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Retail,
                                             wholesale, and manufactured finished goods

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Service
                                             or replacement parts

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          MRO
                                             (maintenance/repair/operations) supplies

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Assemblies
                                             and subassemblies

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Fabricated
                                             and purchased components

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Raw
                                             materials

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               
               

            
            
            
            
               
               
               Item Forecasts

               
               
               
               
                  
                  
                  One important source
                     of independent demand aggregation is item forecasts for the distribution
                     network. Item forecasts are used for distribution requirements planning (DRP)
                     for inventory stocking locations such as regional DCs, satellite
                     DCs, and stores. These forecasts rely on a number of sources, as
                     seen in Exhibit 3-21,
                     that provide and analyze the data used for estimates of independent
                     demand in DRP. Forecasts are more accurate at the aggregate level,
                     so even though it is necessary to break the forecast into individual
                     distribution centers, accuracy will be affected.

                  
                  
                  
                  
                     Exhibit 3-21: Sources of Forecast Data
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Source
                                          of Forecast Data

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Demand
                                          Inputs

                                       
                                       
                                    
                                    

                                 
                                 
                              
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Demand
                                          management

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Channel
                                                family–level forecasts disaggregated to the mix level and then to
                                                the end-item level at lowest level stocking points

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Item
                                                forecasts for lowest level stocking points (using time series analysis
                                                and other techniques) rolled up through regional to a systemwide
                                                total for use by master scheduling

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Sales

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Sales
                                                force estimates for inventory storage locations

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Replenishment
                                                needs for vendor-managed inventory

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Marketing

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Promotions that will cause demand spikes

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Customer
                                          relationship management

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Customer
                                                orders pending release to the supplier

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Changes
                                                in ordering patterns

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Distribution
                                          centers and customers

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Reports
                                                of special events that will cause demand spikes

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Anomalous
                                                purchases in recent periods

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Forecasting Overview and
            Selection

         
         
         
         
            
            
            Here we define demand forecasting and address
               some important forecasting principles. Forecast horizons and intervals and demand
               variation by environment are also covered. After that we discuss how forecast uses
               differ by manufacturing environment and how forecasts have seasonality, cycles,
               trends, and random variation. Next, the forecast process is reviewed. Finally,
               different forecast audiences and their needs are described along with a way to
               select the best forecast for the need.

            
            

         
         
         
         
         
            
            
            Forecasting Principles

            
            
            
            
               
               
               The ASCM Supply Chain
                     Dictionary defines forecasting terms.

               
               
               
               
                  
                  Forecast:
                     An estimate of future demand. A forecast can be constructed using quantitative methods,
                        qualitative methods, or a combination of methods, and it can be based on extrinsic
                        (external) or intrinsic (internal) factors. Various forecasting techniques attempt
                        to predict one or more of the four components of demand: cyclical, random, seasonal,
                        and trend. Syn.: sales forecast. See: Box-Jenkins model, exponential smoothing forecast,
                        extrinsic forecasting method, intrinsic forecast method, moving average forecast,
                        qualitative forecasting technique, quantitative forecasting techniques.

                  
                  Forecasting:
                     The business function that attempts to
                        predict sales and use of products so they can be purchased or manufactured in
                        appropriate quantities in advance.

                  
                  Demand
                        forecasting:
                     Forecasting the demand for a
                        particular good, component, or service.

                  

               
               
               
               Forecasting relies on a number of principles
                  that, once understood, can help frame the context for it and help guide how to
                  forecast and how much to rely on a particular forecast.

               
               
               
               Forecasts try to guess the future based on
                  information available today. The future is uncertain; the results of the past are
                  no
                  guarantee of the results of the future. People are unpredictable. Even a person who
                  is a loyal buyer might buy on a different day or at a different location. The
                  bullwhip effect can lead to a great deal of variability in orders from the
                  downstream supply chain. This leads to an important principle of forecasting: Forecasts are wrong most of the time. While “the
                  forecast is always wrong” is just a saying and sometimes the forecast will be right,
                  it is important to understand that regardless of the forecasting method used, future
                  predictions are inherently unreliable. Rather than deciding just to guess rather
                  than forecast, however, the important thing to take away from this observation is
                  to
                  accept that forecasts are not expected to be accurate.

               
               
               
               This leads to another principle of
                  forecasting: Always be sure there is an estimate of
                     forecast reliability or error rates for each forecast. A forecast is not
                  complete without forecast error metrics. A review of the forecast process and inputs
                  should occur whenever forecast error metrics exceed a predetermined threshold. If
                  a
                  forecast includes no margin of error, you will not know how much confidence to place
                  in it. The key question is not whether the forecast is wrong but by how much.
                  Forecast confidence is often expressed as plus or minus a percentage of total demand
                  or as a range between a minimum and maximum value per period. Wider ranges equate
                  to
                  lower confidence levels and more dynamic demand patterns; narrower ranges equate to
                  higher confidence and stable demand patterns. These estimates are generated using
                  statistics related to how far and how often actual demand varies from the average
                  demand.

               
               
               
               When a forecast is wrong, the result is that production or
                  resource planning based on the forecast may result in an imbalance of supply and
                  demand. So what can be done to prevent this imbalance from occurring? A principle
                  that can be applied here is to avoid forecasting when
                     possible. When forecasts are replaced with orders or actual demand and
                  knowledge of impending orders, there is an improvement in the conventional forecast
                  consumption curve. The ASCM Supply Chain
                     Dictionary defines actual demand as:

               
               
               
               
                  
                  Demand that is composed of customer orders or allocations of items, ingredients, or
                        raw materials to production or distribution. Actual demand nets against or “consumes”
                        the forecast, depending upon the rules chosen over a time horizon. For example, actual
                        demand will totally replace forecast inside the demand time fence (DTF) horizon but
                        will net against the forecast outside this horizon based on the chosen forecast consumption
                        rule. See: booked orders.

                  

               
               
               
               However, in many cases a forecast will still be
                  necessary, because the lead time required by the customer is shorter than is needed
                  to source and/or provide the goods or services. In such cases, a forecast must be
                  relied upon.

               
               
               
               A principle related to forecast accuracy is to aggregate demand for forecasting to the degree
                     possible depending on the use of the forecast. Forecasts are more accurate
                  for product families than for individual items, for example. There is a certain
                  amount of variability in sales of an individual product. When products that can be
                  produced together are aggregated, the dips in sales in one product tend to be
                  canceled out by the spikes in sales of another product, and this way variability is
                  reduced. While this doesn’t sound like it would always work, statistically it
                  significantly improves forecast reliability. It also makes sense from a
                  macroeconomic view. For example, say that there is a certain amount of demand for
                  a
                  particular type of soda, which is produced on one continuous flow line. However,
                  individuals might buy cans, fountain drinks, 12-packs, or two-liter bottles,
                  depending on current need. The forecast for all of these types grouped in a family
                  will be significantly more accurate than forecasts for each product. Once the total
                  amount to produce is determined, more detailed forecasting done closer to the time
                  the product actually needs to be produced can be used to decide how to break this
                  total amount down into percentages for each unit type.

               
               
               
               Demand can be aggregated in one of three
                  ways:

               
               
               
               
                  
                  
                  	
                     
                     
                     Aggregate demand across similar
                        products (e.g., items in a product family).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Aggregate demand across geographic
                        areas (e.g., demand for a region).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Aggregate demand across time (e.g.,
                        demand for a month or quarter).

                     
                     

                  
                  

               
               
               
               The next principle goes back to the forecast
                  horizon and why forecasting and planning start out broad but become progressively
                  shorter and more detailed: Forecasting is more
                     accurate in the near term than in the long term. The forecast horizon
                  principle makes sense, as you can better guess what will happen tomorrow than what
                  will happen in a year. More things could change over longer horizons. This is a key
                  reason why organizations want to shorten their longest lead times and thus shorten
                  master planning horizons.

               
               
               
               A final principle is that the forecast type must match the nature of the
                     decisions to be made using it. The forecast type and parameters need to be
                  aligned with the amount of management involvement and risk the organization is
                  willing to take on. The following are two important things to note about
                  forecasts:

               
               
               
               
                  
                  
                  	
                     
                     
                     The forecast model selected should not
                        be any more complicated than necessary. Simpler is better.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The data that are input, the forecast
                        process, and the forecast output should be monitored on a routine basis for
                        appropriateness and quality.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Forecast Horizons and Intervals

            
            
            
            
               
               
               The forecast horizon is defined in the ASCM Supply Chain Dictionary as: “The period of time into the future for
                     which a forecast is prepared.” This horizon needs to be as long as required by the process it supports.

               
               
               
               The ASCM Supply Chain
                     Dictionary defines forecast interval as: “The time unit for which forecasts are
                     prepared, such as week, month, or quarter. Syn.: forecast period.” There are advantages and disadvantages to the various intervals:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Weekly.
                           
                        A weekly
                           forecast is necessary for master scheduling and can be achieved by
                           dividing monthly product family forecasts into weekly buckets for
                           individual products. A weekly level of detail may not be necessary for
                           other forecasts if this level of detail does not improve planning. A
                           weekly forecast interval increases data management and can impart a
                           false sense of precision in this situation.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Monthly.
                           
                        A monthly
                           forecast is not too detailed, and it gives an adequate level of
                           precision. This forecast interval is the most common choice of
                           forecasters, as it allows detection of seasonal patterns that are hidden
                           in quarterly forecast intervals.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Quarterly.
                           
                        Quarterly
                           forecasts are appropriate in a few industries with long production lead
                           times, as in engineer-to-order environments. They are also appropriate
                           in the later years of a multi-year forecast but may hide seasonal demand
                           patterns.
                        

                     
                     

                  
                  

               
               
               
               A related term is time bucket, defined in the ASCM Supply Chain Dictionary as:

               
               
               
               
                  
                  A number of days of data summarized into a columnar or row-wise display. For example,
                        a weekly time bucket contains all the relevant data for an entire week. Weekly time
                        buckets are considered to be the largest possible (at least in the near and medium
                        term) to permit effective material requirements planning (MRP).

                  

               
               
               
               From the perspective of manufacturing
                  planning and control (MPC), forecasts are used as inputs at strategic, tactical, and
                  operational planning levels, and each forecast is for a different horizon. According
                  to Manufacturing Planning and Control for Supply Chain
                     Management, as MPC moves from strategic planning to master production
                  scheduling, forecasts need to be more detailed and should require less executive
                  management direction. The entity or function that will be using the forecast
                  strongly impacts both the horizon and interval choices:

               
               
               
               
                  
                  
                  	
                     
                     
                     Executives/senior management
                        (strategic and manufacturing business plan levels):

                     
                     
                     
                     
                        
                        	
                           
                           
                           Horizon—two to ten years for
                              strategic plans, about 15 months for annual budgets

                           
                           

                        
                        
                        	
                           
                           
                           Interval—annually, sometimes
                              less frequently

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Sales and operations planning (tactical
                        level):

                     
                     
                     
                     
                        
                        	
                           
                           
                           Horizon—15 to 24 months

                           
                           

                        
                        
                        	
                           
                           
                           Interval—standard practice is
                              monthly; in some cases, quarterly

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Master scheduling and control
                        (operational level):

                     
                     
                     
                     
                        
                        	
                           
                           
                           Horizon—from several weeks to
                              18 months (minimum cumulative lead time)

                           
                           

                        
                        
                        	
                           
                           
                           Interval—ongoing, numerous
                              updates (depending on manufacturing environment)

                           
                           

                        

                     
                     

                  
                  

               
               
               
               At the strategic and manufacturing business
                  plan levels, time horizons are very long. The purpose of these forecasts is to
                  determine total sales volume for the organization in dollars so the organization can
                  acquire or divest capital assets and prepare to enter new markets or collaborate in
                  new supply chains. A key result will be long-term financial goals that the
                  organization’s functions will work to achieve.

               
               
               
               Annual budget planning and financial planning
                  have their own requirements. Annual budget planning starts about three months before
                  the beginning of the budget year, so the forecast needs to span 15 months. Effective
                  financial planning needs rolling forecasts extending at least 12 months.

               
               
               
               At the tactical level, forecasting is conducted
                  using aggregate information on product families for a time horizon of one to three
                  years. Aggregate-level forecasts here are an input to the sales and operations
                  planning process, and the output will be a single set of demand numbers that demand
                  professionals agree to generate in terms of sales, supply professionals agree to
                  produce, and finance professionals agree will be financially profitable. This
                  information is used to plan budgets and labor requirements as well as to acquire
                  items that have long lead times.

               
               
               
               At the operational level, forecasting is
                  conducted using item-level information over the time horizon required for master
                  scheduling. This horizon will be determined by the lead times required for ordering,
                  receiving, and using all materials and resources needed to produce the requested
                  items plus a little extra time to give planners some leeway.

               
               
               
               As you can see in Exhibit 3-22, in addition to horizon and interval, the techniques, the level of
                  detail, and the costs to complete a forecast vary depending on the organizational
                  entity or function. Because the forecasts are used in different ways, are derived
                  from different techniques, include different levels of detail, and involve different
                  parts of the organization, the forecasts can be used to influence one another; this
                  is demonstrated by the relationship arrows in the exhibit.

               
               
               
               
                  Exhibit 3-22: Forecast Framework and Feedback[image: The image is a graph depicting different forecasting processes and their characteristics. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               

            
            

         
         
         
         
            
            
            Demand Patterns

            
            
            
            
               
               
               When demand is recorded over time and then visualized in chart form,
                  patterns and trends may become apparent. Exhibit 3-23 shows an example of
                  demand mapped over the course of four years.

               
               
               
               
                  Exhibit 3-23: Demand Patterns Over Time[image: A graph illustrating demand over time with various components of demand. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               When demand data are visualized, they may
                  tell a story. Several observations can be made about the patterns of demand for
                  products and services.

               
               
               
               
                  
                  
                  	
                     
                     
                     Seasonality. The ASCM Supply Chain Dictionary
                        defines seasonality as follows:

                     
                     
                     
                     
                        
                        A predictable, repetitive pattern of demand
                              measured within a year, during which time the demand grows and declines. These are
                              calendar-related patterns that can appear annually, quarterly, monthly, weekly,
                              daily and/or hourly. Syn.: seasonal variation. See: base series.

                        

                     
                     
                     
                     The key point about seasonality is that
                        it repeats over the analysis period and thus can be isolated from other
                        sources of variation and removed temporarily so that it will not influence
                        forecasting.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Trend. The ASCM Supply Chain Dictionary defines a
                        trend as: “General upward or downward movement of a variable
                           over time (e.g., demand or process attribute).” Trends can also be flat. If demand data are put into a worksheet program
                        such as Microsoft Excel, both a chart and a trend can be automatically
                        calculated. Trends can be influenced to varying degrees internally by things
                        like promotions and externally by things outside one’s control, such as an
                        economic cycle.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Cycle. Cycles usually refer to the wavelike patterns observed in
                        the growth and recession trends of the economy over years. Unlike
                        seasonality, economic cycles do not repeat over a predictable period of
                        time, so this type of forecasting is left to economists. Another example of
                        a cycle that could influence a trend is a product’s life cycle.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Random
                           variation. Random variation is any variation left over after
                        seasonality and trends have been accounted for. Random variation reflects
                        that customers vary when, where, and in what quantities they buy products;
                        the level of variation can differ greatly. If random variation is small,
                        forecasting will be fairly accurate. If it is large, errors will be high. To
                        find the relative amount of random variation, sum the differences between
                        the forecast and actual sales for a reasonable period of time for the given
                        forecast type. Variance around the average that results in no bias (no
                        consistent deviation from the mean in one direction) is the random
                        variation. For this reason, random variation and bias are often reviewed
                        together.

                     
                     

                  
                  

               
               
               
               As the description of random variation
                  indicates, some demand patterns will be more volatile than others.

               
               

            
            
            
            
               
               
               Demand Variation

               
               
               
               
                  
                  
                  Some products and
                     services, like staples (e.g., rice), have stable demand patterns, meaning that
                     they are predictable. Stable demand patterns may have fairly steady trends,
                     predictable seasonality, and minimal random variation. Products with stable
                     demand patterns can be forecasted with low error, so make-to-stock manufacturing
                     environments can be used profitably.

                  
                  
                  
                  Products and services with dynamic demand patterns, such as
                     innovative products, may have shifting trends, no seasonality or seasonality
                     that shifts unpredictably, and/or a high degree of random variation that masks
                     trends and seasonality. In these cases, forecasting is trying to find only the
                     base (average) demand for use in planning; more flexible manufacturing
                     strategies may be needed. Another option might be to find ways to make a dynamic
                     demand pattern more stable (e.g., communicate better to reduce or eliminate the
                     bullwhip effect).

                  
                  
                  
                  Exhibit 3-24 shows demand for two different products. The dotted lines show a
                     set of upper and lower limits; perhaps these are the limits of the
                     organization’s production flexibility or the expected minimum and maximum levels
                     of demand for an item. In the first chart, the magnitude of the shifts from the
                     average level stay within these limits, but in the second chart, they are more
                     volatile and exceed capacity limitations or expectations of “normal” demand
                     fluctuations. In addition, while the first chart shows seasonality, the second
                     chart has no discernible seasonal pattern, so the average is the most useful
                     information for forecasting. However, averages can be misleading.

                  
                  
                  
                  
                     Exhibit 3-24: Stable Versus Dynamic Demand[image: The image consists of two graphs illustrating stable and dynamic demand patterns over time. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Note that forecasting is needed
                     for different purposes in different manufacturing environments. Here are
                     examples of different types of uncertainty in each manufacturing environment
                     that may require forecasting:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Make-to-stock—variations in demand
                           stated in forecasts for each inventory location

                        
                        

                     
                     
                     
                     	
                        
                        
                        Assemble-to-order—variations in
                           quantity, customer order timing, and product mix

                        
                        

                     
                     
                     
                     	
                        
                        
                        Make-to-order—size of the backlog
                           and the level of company resources necessary to finish the engineering
                           and produce the products per the specifications

                        
                        

                     
                     
                     
                     	
                        
                        
                        Engineer-to-order—hiring
                           difficult-to-find specialists such as design engineers and ordering
                           materials with long lead times

                        
                        

                     
                     

                  
                  
                  
                  The manufacturing environment can also
                     impact forecast horizon selection.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Forecasting Process

            
            
            
            
               
               
               Here are the basic steps in the forecasting
                  process.

               
               
               
               
                  
                  
                  	
                     
                     
                     Determine purpose. For example, it could be to determine demand for
                        production, capacity requirements, or staffing levels.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Set
                           level of aggregation and units of measure. Specify total sales in
                        units or dollars, product families, products, or SKUs (stock keeping
                        units).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Select
                           horizon and planning bucket. The horizon can be long-, medium-, or
                        short-term. The planning bucket is the period being forecasted—for example,
                        quarterly, monthly, weekly, daily. Horizon, aggregation, and units are
                        interrelated and are very important to get right. A long-term horizon (years
                        or quarters) usually uses total sales in dollars; medium-term (quarters or
                        months) uses product families in units; and short-term (weeks or days) uses
                        products or SKUs in units.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Gather
                           and visualize the data. Collect the data and organize them using the
                        planning bucket chosen. Then put the data in chart form to reveal trends,
                        seasonality, or random variation. Visualizing helps in selecting the right
                        forecasting technique.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Choose
                           the forecasting technique. One or a combination of methods may work
                        best for the combination of purpose, aggregation, time horizon, data
                        availability, trend, and where the data fall on the stable-dynamic
                        continuum.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Prepare
                           the data for the technique. For example, if there is seasonality, it
                        should be temporarily removed prior to forecasting.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Test
                           the forecast using historical data. Since periods in the past
                        already have actual results, you can forecast using, say, June data to
                        produce a July forecast and then compare it to what actually happened in
                        July.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Forecast. After making adjustments as needed, start using the
                        forecast. If seasonality was removed for forecasting, add it back in before
                        preparing reports that include ranges of confidence levels.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Achieve
                           consensus on the forecast. For example, the sales and operations
                        planning process is used to get everyone to agree to plan and execute using
                        the same forecast numbers. This is called a one-number system.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Continuously improve. Monitor error levels and set policies for
                        when error levels are too high. When they are, refine communications, data,
                        or processes and techniques.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Collecting/Preparing Data for Forecasting

            
            
            
            
               
               
               Collecting data on demand
                  involves collecting information on customer requests rather than just tracking sales
                  or shipments. Tracking when things were shipped is important, but the organization
                  should also track when the customer wanted it to be shipped, since this provides
                  information on demand for that period. Thus estimating total demand for a given
                  period might involve adding the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     Net sales (sales minus returns)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Backorders

                     

                  
                  
                  
                  	
                     
                     
                     Requests that could not be fulfilled
                        due to rejected lead time or price quote

                     
                     

                  
                  
                  
                  	
                     
                     
                     Requests that had to be filled from
                        other plants or locations

                     
                     

                  
                  

               
               
               
               The ASCM Supply
                     Chain Dictionary defines a 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. See: stockout.

                  

               
               

            
            
            
            
               
               
               Data Collection and Preparation Principles

               
               
               
               
                  
                  
                  Following basic data collection and
                     preparation principles will help ensure that forecasts are useful.

                  
                  
                  
                  Since input data can significantly impact forecast
                     results, an important data preparation principle is to forecast based on demand rather than orders. Forecasts of demand for
                     production need to use demand estimates rather than ship dates or sales. Forecasts
                     are made to estimate market or organizational demand and therefore customer requests
                     or ship dates provide incomplete information for forecasting. Customer orders can
                     include things like an increase in safety stock that can skew actual demand. Orders
                     also fail to capture things such as missed sales. Communication with supply chain
                     partners regarding promotions and other similar methods can be used to estimate
                     demand.

                  
                  
                  
                  Another principle of data collection is that the data should be collected in the format in
                        which they will be used in forecasting. For example, if the time bucket
                     will be weekly, then collecting monthly data will be insufficient. Simply
                     dividing the monthly data by the number of weeks would provide a false sense of
                     precision and could mask variations between the weeks.

                  
                  
                  
                  In another example, if a particular product family is used to
                     plan production because, for example, the items share a cellular layout, then
                     this family should be used for forecasting.

                  
                  
                  
                  Assemble-to-order products will have more
                     complicated forecasting. While forecasting at the master scheduling level for MTS
                     products will project demand for individual units, ATO products will have various
                     options and data on demand for the various options should also be collected.
                     Usually, rather than preparing individual forecasts for each option in a family that
                     can be assembled-to-order in different ways, a best practice is to use a tool called
                     a planning bill to forecast total demand for the family and then forecast the
                     percentage of that total that will require each option or component. For example,
                     assume that an assemble-to-order motorcycle can have a basic or deluxe engine,
                     stereo, seat, handlebars, tires, and rims. Six choices with two options each would
                     result in 64 possible combinations (2 × 2 × 2 × 2 × 2 × 2 = 26 = 64). Producing this many unit forecasts
                     would be time-consuming and fruitless. Rather, the percentage of the total that
                     requires each option or component would be forecasted, resulting in 12 component
                     forecasts (one forecast per option). These component forecasts would allow the right
                     number of components to be produced or acquired, and the final assembly schedule
                     could wait until actual orders come in.

                  
                  
                  
                  A second principle of data collection is
                     to record any circumstances or events related to
                        the data. This includes regular events, such as sales promotions or
                     price changes, as well as unusual or one-time events, such as extreme weather or
                     labor disruptions. A promotion should cause an increase in demand, and data on
                     this will help marketing assess the effectiveness of the promotion. If the
                     promotion will not be repeated, the data or the results might be adjusted to
                     account for this. Similarly, the impact of one-time events that cause a spike or
                     drop in demand might be adjusted or smoothed out prior to forecasting.

                  
                  
                  
                  Separating
                        demand by customer segment is another important data preparation
                     principle. Demand from distribution centers, wholesalers, retailers, and
                     individuals might be in very different quantities and have very different
                     timing. Summing the demand from these segments prior to forecasting might
                     produce misleading results. Consider our commercial door manufacturing case
                     study organization. Most of the doors are made-to-order, but the organization
                     manufactures some standard sizes in only a few varieties so they will be in
                     stock for immediate sale. We will concentrate on only these make-to-stock doors
                     and only on product family A, a series of in-stock vandalproof all-glass
                     commercial doors. Exhibit 3-25 shows demand from
                     the two major market segments that purchase these doors. Segment A is made up of
                     large retailers that order in large lots twice a year; segment B is made up of
                     small businesses (building contractors) that order monthly.

                  
                  
                  
                  
                     Exhibit 3-25: Grouping Dissimilar Segments Can Hide Issues[image: A table labeled “Grouping Dissimilar Segments Can Hide Issues.” Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Note that the demand from segment A sums
                     to 12,000 units, while the demand for segment B sums to 3,878 units. Averaging
                     segment B’s demand by dividing 3,878 by 12 months results in 323 units per
                     month, which might be useful for production planning. However, adding the 12,000
                     units of demand for segment A to this results in 15,878 units divided by 12, or
                     1,323 units per month. Using this average for planning would mask the lumpiness
                     of demand that actually exists. Some organizations might do this to produce to a
                     level schedule and make about 1,300 units per month (the actual number would
                     differ based on opening and closing inventories), but they would not have enough
                     units for the first large order unless they had inventory from the prior year,
                     and they would have significant inventory build-up in other periods. For
                     simplicity, we will assume that the door manufacturer has separate production
                     facilities for segments A and B, and so from this point forward we will focus on
                     just segment B demand.

                  
                  

               
               

            
            
            
            
               
               
               Information Needs By Environment

               
               
               
               
                  
                  
                  As part of demand management’s forecasting activities,
                     all manufacturing environments require the forecast and other critical information
                     to be shared among various functions, including sales and operations planning
                     (S&OP), master scheduling (MS), and their customers. Each environment type has
                     different information needs for those entities:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Make-to-stock—demand forecasts for
                           S&OP; actual demand for the master production schedule (MPS); next
                           inventory replenishment for customers

                        
                        

                     
                     
                     
                     	
                        
                        
                        Assemble-to-order—demand forecasts,
                           product family mix for S&OP; product mix forecasts and actual demand for
                           the MPS; configuration issues, delivery date for customers

                        
                        

                     
                     
                     
                     	
                        
                        
                        Make-to-order—demand forecasts,
                           engineering detail for S&OP; final configuration for the MPS; design
                           status, delivery date for customers

                        
                        

                     
                     
                     
                     	
                        
                        
                        Engineer-to-order—demand forecasts
                           based on similar products previously created, with the focus on
                           engineering hours, for S&OP and the MPS; delivery lead time for
                           customers

                        
                        

                     
                     

                  
                  
                  
                  Once the information from the environment has been
                     provided to S&OP, it can then develop a coordinated sales and operations plan
                     (the S&OP production plan, i.e., the constrained forecast, is also communicated
                     to master scheduling). Demand information for inter- and intracompany parts,
                     interplant transfers, spare parts, quality assurance needs, inventory pipelines,
                     pilot projects, exhibitions, and charitable product or service donations needs to
                     be
                     gathered. Capacity measures are also important at this time. Make-to-stock will
                     examine its material capacity; make-to-order will examine its machine or labor
                     hours; and, for make- and engineer-to-order, engineering capacity will be
                     important.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Forecast Audiences by Planning Level

            
            
            
            
               
               
               Different stakeholders have different uses for
                  forecasts, and it is important to understand the needs of the various parties in
                  order to ensure that each has timely information at their disposal at just the right
                  level of detail and just the right planning horizon.

               
               

            
            
            
            
               
               
               Business
                  Planning

               
               
               
               
                  
                  
                  Executive involvement in
                     forecasting at the business planning level helps to minimize the business risk
                     of getting the forecasts wrong at the strategic level, while executive
                     involvement at the S&OP level helps to reconcile the functional plans of the
                     various departments (e.g., engineering, manufacturing, human resources, finance,
                     sales). In a technique known as pyramid forecasting, the marketing and sales
                     forecasts can be rolled up and reconciled against the management forecast.
                     Similarly, the management forecast can be used to force down a forecast.

                  
                  
                  
                  Executives and senior management use
                     forecasting in setting the direction for the organization, planning expansions
                     of products, considering new product line proposals, and evaluating potential
                     mergers, acquisitions, and international ventures. These forecasts are usually
                     stated in total sales dollars by product families or other output measures such
                     as total tons or engineering hours. The economic growth model is an example of a
                     strategic-level forecasting process.

                  
                  
                  
                  Senior managers often use the results of causal models,
                     statistical regression tools, and correlation
                     analysis to improve the results of their team’s
                     forecasting efforts. They may also use market
                     research, expert opinion, and management
                     estimation techniques that are qualitative in
                     nature.

                  
                  

               
               

            
            
            
            
               
               
               Sales and Operations
                  Planning

               
               
               
               
                  
                  
                  Those
                     working in sales and operations planning use forecasts to identify planned sales
                     and product family output and to reconcile functional plans. These forecasts
                     will be in monetary and volume terms at the product family level. Customer plans
                     and current demand information are the key inputs into these forecasts, based on
                     discussions with marketing and enhanced with information on product mix
                     preferences and data on inventory balances and demand levels. Historical or time
                     series data are also used as inputs into these forecasts. S&OP often uses
                     aggregate forecasts based on forecasts for individual products in each product
                     line and refined using current trend information and marketing data on
                     customers’ future plans that could influence demand.

                  
                  
                  
                  In addition to the aggregate forecasts, S&OP may use
                     regression analysis and time series forecasts, including decomposition. When
                     appropriate, qualitative methods such as pyramid forecasting, the Delphi method,
                     focus groups, and expert opinion will be employed.

                  
                  

               
               

            
            
            
            
               
               
               Master Planning and
                  Scheduling

               
               
               
               
                  
                  
                  Forecasts
                     are used by master planning and scheduling to determine the number of finished
                     products or components at the individual end-item level to make and when to make
                     them. The master production schedule also feeds into the rough-cut capacity
                     plan.

                  
                  
                  
                  With frequent changes in
                     production priorities as the start of production nears, inventory allocations
                     and shipment destinations also require frequent and detailed forecasts. This
                     function uses time series data analysis techniques such as moving averages and
                     exponential smoothing to generate its demand forecasts.

                  
                  

               
               

            
            
            
            
               
               
               Distribution
                  Requirements Planning

               
               
               
               
                  
                  
                  Distribution requirements planning (DRP) addresses the
                     following issues:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        When, where, and how much inventory
                           is needed at the distribution centers within a manufacturer’s
                           distribution network in order to fulfill customer orders

                        
                        

                     
                     
                     
                     	
                        
                        
                        What resources are needed and when
                           to ensure that replenishment inventory can be delivered, handled, and
                           stored according to the replenishment plans

                        
                        

                     
                     

                  
                  
                  
                  Forecasts
                     used in distribution planning are for both product families (the forecast created
                     for S&OP) and end items or stock keeping units (from the master scheduling
                     forecast) at distributed inventory stocking locations. One such forecast is the
                     product mix forecast. The ASCM Supply Chain
                        Dictionary defines the product mix forecast as:

                  
                  
                  
                  
                     
                     A forecast of the proportion of products that will be sold within a given product
                           family or the proportion of options ordered within a product line. An inaccurate product
                           mix forecast can create material and inventory shortages even if the aggregate product
                           line or product family demand forecast is accurate.

                     

                  
                  
                  
                  While the item forecast is what the
                     actual replenishment timing and quantity are based on, the aggregate product
                     family forecast is important for two reasons:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        During S&OP, the product family
                           forecast is used to ensure that resources are available to transport,
                           handle, and store replenishment inventory within major distribution
                           channels. The process that addresses channel resource needs during
                           S&OP is logistics resource requirements planning (LRRP).

                        
                        

                     
                     
                     
                     	
                        
                        
                        During DRP, which is an input to
                           master scheduling, product family forecasts by channel are disaggregated
                           to the item-mix level and then are allocated down through the bill of
                           distribution to plan the replenishment of inventory stocking
                           locations.

                        
                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Forecast Selection Process

            
            
            
            
               
               
               
                  Exhibit 3-26 provides an overview of the various forecasting techniques discussed
                  in this course. The major split is between qualitative forecasting, which uses
                  judgment and expertise, and quantitative forecasting, which uses mathematics. These
                  methods can be used individually or sometimes in combination, such as using
                  quantitative forecasting but adjusting the results qualitatively.

               
               
               
               
                  Exhibit 3-26: Forecasting Techniques[image: Hierarchy of forecasting techniques showing qualitative (judgment-based) methods and quantitative (mathematical) methods, which include intrinsic time-series and extrinsic causal models.]
               
               
               
               
               The ASCM Supply
                     Chain Dictionary defines these two major forecasting types in part as
                  follows:

               
               
               
               
                  
                  Qualitative forecasting techniques:
                     An approach to forecasting that is based on intuitive or judgmental evaluation. It
                        is used generally when data is scarce, not available, or no longer relevant. Common
                        types of qualitative techniques include personal insight, sales force estimates, panel
                        consensus, market research, visionary forecasting, and the Delphi method. Examples
                        include developing long-range projections and new product introductions. See: historical
                        analogy, jury of executive opinion.

                  

               
               
               
               
                  
                  Quantitative forecasting techniques:
                     An approach to
                        forecasting in which historical demand data is used to project future demand.
                        Extrinsic and intrinsic techniques are typically used. See: extrinsic forecasting
                        method, intrinsic forecast method.

                  

               
               
               
               So how does one choose the best forecast
                  method? The choice of forecasting method should consider the degree to which the
                  available data are complete versus incomplete and the degree of stability in the
                  data:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Complete versus incomplete data.
                           
                        If all the
                           required sales data for a particular item as well as the causal
                           variables are available, then the data are considered complete.
                           Incomplete data would have limited—or even an absence of—sales data for
                           a particular product or would not have the causal variables
                           identified.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Stable versus unstable data.
                           
                        Stable data
                           have a distinct pattern such as seasonality or trends. There’s a
                           randomness and no distinct pattern to unstable data.
                        

                     
                     

                  
                  

               
               
               
               Exhibit 3-27 shows the selection
                  variables and plots where various types of forecasts are a good fit. (These types
                  of
                  forecasts are discussed elsewhere in this course.) Changes in production environment
                  or distribution strategy and so on can alter which type of forecast is a good fit.
                  For example, in the event that an organization changes from a centralized push
                  distribution system to a decentralized demand-pull distribution system, the best
                  choices may migrate from the lower left or lower right quadrant to the upper right,
                  making the regression techniques more appropriate.

               
               
               
               
                  Exhibit 3-27: Two Variable Selection Criteria[image: A 2x2 matrix chart categorizing forecasting techniques based on data completeness and data stability. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               A best practice is for an organization to look
                  at all its product offerings and individually categorize them according to these key
                  variables. In order to find the most accurate forecasting method, the products and
                  the organization’s goals and constraints should be taken into account.

               
               

            
            

         
         
   
      
         
         
         
         Qualitative
            Forecasting

         
         
         
         
            
            
            Qualitative forecasting techniques include consumer
               surveys, historical analogy, judgmental/expert opinion (including the Delphi
               method), and pyramid forecasting. Pyramid forecasting may also incorporate some
               quantitative elements. The pyramid forecasting discussion includes an interactive
               exercise.

            
            

         
         
         
         
         
            
            
            Qualitative Forecasting Methods

            
            
            
            
               
               
               Qualitative techniques forecast probable
                  events based on human judgment, experience, intuition, and educated guesses rather
                  than math. While they lack scientific precision, these techniques are often used in
                  volatile situations or when there are no historical data available, such as for a
                  new product, a new region, or to create a strategic-level forecast where the long
                  time horizon results in significant uncertainty and historical data would not be
                  highly useful. Qualitative methods are also useful in modifying a quantitative
                  forecast based on things like assumptions about the economy or competitor actions.
                  For example, when creating the sales forecast, sales representatives use their best
                  judgment of the impact that competitor and other business information will have on
                  sales. Additional advantages are that qualitative forecasts can be developed quickly
                  and at little expense.

               
               
               
               While informed opinion
                  is better than flipping a coin, these methods tend to be subjective
                  and are not preferred when other methods could be used. This is
                  in part because qualitative forecasts depend on the relevant experience
                  level of the forecasters (i.e., a risk not just of newer salespersons
                  but possibly also executives who are too removed from the actual
                  marketplace), so results can vary widely. This is true even when
                  a qualitative method is used to adjust a quantitative method.

               
               
               
               Bias is another risk.
                  At a high level, forecast bias is basically a consistent deviation from
                  the mean in one direction, and, with a qualitative method, this
                  could be due to optimism or aggressive management goals.

               
               
               
               For all of these reasons, it is hard to maintain
                  consistency in the level of accuracy in these types of forecasts over time.
                  Organizations work to improve qualitative forecasts by conducting market research
                  or
                  test marketing or studying similar or competitor products. Another way to enhance
                  reliability is to ask persons who are providing opinions to provide a best-case,
                  expected-case, and worst-case estimate and to then average these responses in some
                  way.

               
               
               
               Qualitative techniques include consumer surveys, historical
                  analogy, and judgmental/expert opinion. Judgmental/expert opinion methods include
                  sales force polling, executive opinion, panel consensus, and the Delphi method.

               
               

            
            
            
            
               
               
               Consumer Surveys

               
               
               
               
                  
                  
                  Consumer surveys are a type of market research (other types include focus groups and
                     competitor data) that gather information on consumer preferences and opinions
                     directly through distributed surveys, focus groups, telephone or video calls, or
                     direct interviews. Surveys can help to understand market trends, opportunities,
                     preferences for new products or services and features, or to understand a product’s
                     place in its life cycle. Marketing can use it to refine their approach. Distributed
                     surveys are sent to as large an audience as possible because response rates are
                     typically low. Forecast accuracy is correlated with how representative the sample
                     size is relative to the overall customer population.

                  
                  
                  
                  Surveys can have open-ended and/or closed questions. Open-ended questions provide
                     free-form fields for broader feedback possibilities but require significant time and
                     cost to transform into insights. Closed questions typically take the form of a
                     Likert scale (e.g., choose an answer on a 1 to 5 scale from strongly disagree (1)
                     to
                     strongly agree (5)). Closed question survey results are considered quantitative
                     because the data can be automatically compiled, even though the individual responses
                     are qualitative. Closed question surveys are less expensive to administer.

                  
                  

               
               

            
            
            
            
               
               
               Historical Analogy

               
               
               
               
                  
                  
                  Using a similar product as a proxy should be
                     explored as a possibility prior to resorting to a pure qualitative forecast. This
                     is
                     called forecasting by historical analogy and is defined in the ASCM Supply Chain Dictionary as:

                  
                  
                  
                  
                     
                     
                        A judgmental forecasting technique based on identifying a sales history that is analogous
                           to a present situation, such as the sales history of a similar product, and using
                           that past pattern to predict future sales. See: management estimation, qualitative
                           forecasting technique.
                        

                     

                  
                  

               
               

            
            
            
            
               
               
               Judgmental/Expert Opinion

               
               
               
               
                  
                  
                  In the judgmental/expert opinion approach, a
                     team of experts or other stakeholders use their detailed knowledge of products,
                     customers, forecasting methods, historical error rates, and the market to generate
                     a
                     forecast or, more frequently, to adjust the quantitative forecast. Tracking these
                     adjustments separately from any quantitative component will help in determining
                     whether the modifications are increasing or decreasing in accuracy and in showing
                     whether they are introducing bias by being consistently high or low.

                  
                  
                  
                  Stakeholders may include senior management, salespersons,
                     marketing committees, customer service representatives, and others. The experts need
                     a broad and accurate understanding of the market or the results could be poor or
                     biased. Gathering data from the consulting industry and its publications can also
                     be
                     a form of expert opinion.

                  
                  
                  
                  What makes the results of a qualitative forecaster useful? The qualitative forecast
                     needs to be at least better than the results that would be generated using random
                     guesswork. Operations Strategy cites the research of Tetlock and Gardner who
                     found that the average qualitative forecaster cannot do much better than random
                     guesswork. Those who did stand out had these ways of thinking:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Actively open-minded and pragmatic (not too attached to any given assumption
                           or idea)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Able to give more weight to higher probability outcomes

                        
                        

                     
                     
                     
                     	
                        
                        
                        Intellectually humble (able to change their opinions when facts change)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Hard workers

                        
                        

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Executive Opinion

                  
                  
                  
                  
                     
                     
                     The executive opinion approach gathers opinions from leaders of functions such as
                        sales, finance, purchasing, operations, and administrations. These executives should
                        have a deep understanding of the organization, industry, and market. This method may
                        be faster than gathering opinions from a wider set of experts while still
                        considering different perspectives. In addition to potential for bias and error
                        discussed elsewhere, another risk is if office politics are playing a role.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Sales Force Polling

                  
                  
                  
                  
                     
                     
                     The sales force polling method, also called the sales force opinion method, involves
                        sales representatives and sales managers providing qualitative forecasts of the
                        sales areas under their responsibility or it could be more of a discussion as part
                        of a sales meeting. Salespersons may have direct interactions with customers and are
                        directly involved in day-to-day ground-level operations, so they tend to have good
                        insight into their customer base’s current and future demand as well as general
                        market trends. These individual forecasts are combined into a consensus forecast in
                        some way. The forecast may include insight into regional demand variations. The
                        method can be fast and simple.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Panel Consensus

                  
                  
                  
                  
                     
                     
                     As defined by the ASCM Supply Chain
                           Dictionary, panel consensus is: “A judgmental forecasting technique by which a committee, sales force, or group of
                           experts arrives at a sales estimate through open discussion. See: Delphi method, management
                           estimation.” A more structured version of this is called the Delphi method.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Delphi Method

                  
                  
                  
                  
                     
                     
                     The ASCM Supply
                           Chain Dictionary defines the Delphi method as:

                     
                     
                     
                     
                        
                        
                           A qualitative forecasting technique in which the opinions of experts are combined
                              anonymously in a series of iterations so that the experts' opinions gradually converge
                              to a consensus forecast. See: management estimation, panel consensus.
                           

                        

                     
                     
                     
                     The Delphi method is a more involved and sophisticated
                        qualitative forecast. It involves surveying experts and collating their responses
                        into a document that keeps the responses anonymous. The compiler works toward
                        consensus in successive rounds by highlighting areas where there is disagreement and
                        allowing responses to change.

                     
                     
                     
                     Anonymity is used for two reasons. First, it helps prevent dominant
                        personalities from influencing the group opinion. When this “groupthink” effect is
                        in play, otherwise independent thinkers might become emotionally committed to an
                        unrealistic forecast. The other problem anonymity prevents is a “stake in the
                        ground” mentality—when a person has already publicly committed to a forecast result
                        and doesn’t want to lose face by changing this declared position. Since the Delphi
                        method is anonymous, it is easier to change a position given more information.

                     
                     
                     
                     The Delphi method
                        has had good success at arriving at reliable forecasts, but it is time-consuming
                        and labor-intensive. It is often used only for strategic-level estimation.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Pyramid Forecasting

            
            
            
            
               
               
               
                  Pyramid forecasting is defined in the ASCM
                     Supply Chain Dictionary as:

               
               
               
               
                  
                  
                     A forecasting technique that enables management to review and adjust forecasts made
                        at an aggregate level and to keep lower-level forecasts in balance. The approach combines
                        the stability of aggregate forecasts and the application of management judgment with
                        the need to forecast many end-items within the constraints of an aggregate forecast
                        or sales plan.
                     

                  

               
               
               
               Pyramid forecasting
                  is illustrated in Exhibit 3-28.

               
               
               
               
                  Exhibit 3-28: Pyramid Forecasting[image: Forecasting pyramid showing individual product forecasts at the base, product family forecasts in the middle, and total business volume at the top, with roll-up forecasting from marketing and sales and force-down forecasting from management.]
               
               
               
               
               This technique includes
                  a number of forecasts that may rely on quantitative forecasting
                  methods to one degree or another:

               
               
               
               
                  
                  
                  	
                     
                     
                     Sales and marketing
                        forecasts at the individual product level (sales volume and units)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Product
                        family forecasts based on a roll-up of product-level forecasts (sales volume
                        and units)

                     
                     

                  
                  
                  
                  	
                     
                     
                     A
                        business-level forecast at the corporate level (sales volume) that
                        is more strategic and could reflect plans to expand promotions,
                        open new marketing channels, or compete in new market segments

                     
                     

                  
                  
                  
                  	
                     
                     
                     A
                        management forecast that reconciles the roll-up and business-level
                        forecasts

                     
                     

                  
                  

               
               
               
               Pyramid forecasting
                  combines both quantitative and qualitative elements. It provides a
                  means of coordinating and integrating multiple forecast sources
                  in an organization and ensuring consistency among the organization’s
                  strategic direction, goals or constraints, marketing and sales efforts,
                  and use of manufacturing resources.

               
               
               
               So what exactly goes
                  into each tier of the pyramid? Exhibit 3-29 is
                  a graphic representation of a roll-up forecast.

               
               
               
               
                  Exhibit 3-29: Roll-Up Forecast[image: Forecasting pyramid showing individual product forecasts rolling up to product family forecasts and a total business forecast, with dollars, units, and unit costs for A1, A2, B1, and B2. Go to long description for details.]
               
                  Go to long description.
                  

               
               
               
               
               The exhibit shows
                  how forecasts at the individual product level are consolidated by product
                  family and with all other product families to create an aggregate
                  roll-up forecast (also called a bottom-up forecast). The key steps
                  in this roll-up include the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     Units of individual
                        products are forecasted and then denominated in dollars.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Unit
                        and dollar values are consolidated at the product family level.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Product
                        family dollars are combined in a total roll-up forecast.

                     
                     

                  
                  

               
               
               
               Also shown in the
                  exhibit is the business forecast (also called a top-down forecast), which
                  is at the strategic executive level. Note the difference in the
                  two forecasts. It will become the role of the management forecast
                  to reconcile the two, which is where the qualitative aspect of this
                  method comes most strongly into play. The next step in pyramid forecasting
                  is for management to set goals from the top down that align with strategy,
                  such as getting a particular area to commit to generating a higher
                  level of sales. This process can involve a lot of back-and-forth
                  negotiations at each level, but the point is to arrive at a forecast
                  that everyone can commit to.

               
               

            
            
            
            
               
               
               Case Study Exercise: Motorcycle Manufacturer

               
               
               
               
                  
                  
                  Assume that the
                     motorcycle manufacturer begins its roll-up forecast anticipating
                     a need for 20 A1 units
                     and 80 A2 units at a cost
                     of $12 per unit and $7 per unit, respectively. Additionally, they
                     anticipate needing 15 B1 units
                     and 30 B2 units at a cost of
                     $20 per B1 unit and $5
                     per B2 unit. Complete
                     the roll-up pyramid forecasting technique in Exhibit 3-30 using
                     the following steps:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Calculate
                           the volume and sales values of the individual products (bottom tier).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Roll
                           up the individual products to units and dollars for families A and
                           B (middle tier).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Aggregate
                           the units and dollar values for A and B into the roll-up forecast
                           (top tier).

                        
                        

                     
                     

                  
                  
                  
                  
                     Exhibit 3-30: Roll-Up Activity[image: Blank forecasting pyramid showing individual product forecasts rolling up to product family A and B forecasts, and then to a total business forecast, with spaces for dollars, units, and unit costs.]
                  
                  
                  
                  
                  Now
                     that you have completed your roll-up forecast based on forecasts
                     for individual products, check your work. Note that the individual
                     product forecasts were created using a variety of techniques. The
                     aggregate sales volume of your roll-up forecast should be $1,250.
                     Total units for family A should be 100 and total units for family
                     B should be 45. Costs for family A should total $800 and for family
                     B should total $450.

                  
                  
                  
                  In
                     comparing your roll-up forecast to the business forecast, you note
                     that the forecast is less than the business forecast of $1,750.

                  
                  
                  
                  The CEO of the company
                     asks the vice president of sales to reconsider the rolled-up forecast,
                     and they agree on a revised total sales volume forecast of $1,500,
                     which is called the management forecast.

                  
                  
                  
                  Now your task is to prepare a force-down
                     forecast. Start by calculating a ratio of the management forecast
                     to the roll-up forecast of sales dollars. To calculate the force-down
                     management forecast for product families A and B and their individual products,
                     multiply all the unit quantities and dollar values in the roll-up
                     forecast by the ratio.

                  
                  
                  
                  The
                     diagram in Exhibit 3-31 shows
                     the information you need to provide for this force-down forecast.
                     After you do the activity, you can validate your answers against
                     the correct solution shown in Exhibit 3-32.

                  
                  
                  
                  
                     Exhibit 3-31: Force-Down Activity[image: Forecasting pyramid showing a management forecast of $1,500 and 1,250 units at the top, with blank product family and product forecasts below, unit costs for A1, A2, B1, and B2, and arrows illustrating roll-up and comparison steps.]
                  
                  
                  
                  
                  
                     Exhibit 3-32: Answer Key for Activity[image: Forecasting pyramid showing product forecasts rolling up to family A and B totals and a management forecast of $1,500 and 1,250 units, with a 1.2 comparison ratio and unit costs for A1, A2, B1, and B2. Go to long description for details.]
                  
                     Go to long description.
                     

                  
                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Quantitative
            Forecasting

         
         
         
         
            
            
            Quantitative forecasting
               techniques include extrinsic/causal forecasting (including types
               of regression analysis), intrinsic/time series forecasting (including
               moving averages, exponential smoothing, and decomposition), and
               two methods that are only mentioned here, naive forecasting and
               life cycle analysis.

            
            

         
         
         
         
         
            
            
            Extrinsic (Causal) Forecasting

            
            
            
            
               
               
               The ASCM Supply
                     Chain Dictionary defines extrinsic
                     forecasting method as:

               
               
               
               
                  
                  
                     A forecast method using a
                        correlated leading indicator; for example, estimating furniture sales based on
                        housing starts. Extrinsic forecasts tend to be more useful for large aggregations,
                        such as total company sales, than for individual product sales. Ant.: intrinsic
                        forecast method. See: quantitative forecasting techniques.
                     

                  

               
               
               
               Extrinsic forecasting is also known as causal
                  forecasting, associative correlation, or explanatory forecasting. Production and
                  inventory control professionals may not be responsible for creating this type of
                  forecast, but they do need to be able to use the output effectively. Knowing a
                  little bit about how these types of forecasts work can help when applying these
                  results to improve supply and demand synchronization. It will also help to know
                  their limitations. 

               
               
               
               Extrinsic techniques are best for long-term forecasting at the
                  aggregate level. Extrinsic forecasting uses cause-and-effect associations to predict
                  and explain relationships—or correlation—between variables. That is, extrinsic
                  forecasting works to find a link between information that is available and demand.
                  The ASCM Supply Chain Dictionary defines correlation as:

               
               
               
               
                  
                  
                     The relationship between two sets of data
                        such that when one changes, the other is likely to make a corresponding change. If
                        the changes are in the same direction, there is positive correlation. When changes
                        tend to
                        occur in opposite directions, there is negative correlation. When there is little
                        correspondence or changes are random, there is no correlation.
                     

                  

               
               
               
               The variables used in extrinsic forecasting techniques can
                  come from internal or external data sources. The predictor is called the independent
                  variable; the element being predicted is called the dependent variable. The ASCM Supply Chain Dictionary defines regression analysis as:

               
               
               
               
                  
                  
                     A statistical technique for
                        determining the best mathematical expression describing the functional relationship
                        between or among one response and one or more independent variables. See:
                        least-squares method.
                     

                  

               
               
               
               Three types of causal techniques will be explored here:
                  simple regression, multiple regression, and econometrics. Simple and multiple
                  regression analysis are common examples of extrinsic forecasting, with the
                  difference being whether one or several indicators are used. First we explore the
                  types of data sources that can be used for the independent variable(s).

               
               

            
            
            
            
               
               
               Extrinsic Forecasting Data Sources

               
               
               
               
                  
                  
                  The best information that can be used in an extrinsic forecast is a
                     leading
                        indicator, which the ASCM Supply Chain Dictionary defines as:

                  
                  
                  
                  
                     
                     
                        A specific business activity index that
                           indicates future trends. For example, housing starts is a leading indicator for the
                           industry
                           that supplies builders’ hardware.
                        

                     

                  
                  
                  
                  These economic or demographic indicators
                     tend to be among the first types of data that can show a change
                     in a trend. For example, governments and industry associations compile
                     economic information on housing starts, or applications to build new
                     housing. Since this is the first thing done when building housing,
                     it correlates to how much roofing material is about to be ordered,
                     how many new refrigerators will be ordered, and so on. Other examples
                     of economic leading indicators include orders for durable goods
                     or capital equipment. Similarly, demographic information on birth rates,
                     age distributions, income and education levels, or ethnicity may
                     help provide information on changing trends in demand for an organization’s
                     products and services.

                  
                  
                  
                  Study of extrinsic data may show a statistical
                     relationship between one or more leading indicators and demand. Extrinsic forecasting
                     is
                     often the best way to detect changes in a trend. It is best used in long-term planning
                     at
                     the total company demand or product family level, because correlation is a macroeconomic
                     observation.

                  
                  
                  
                  Determining
                     the inputs to these methods requires statistical analysis comparing
                     the organization’s historical demand levels against data on the
                     indicator(s) over time, which will result in the input data needed
                     for a simple formula as well as some statistics like the relative
                     level of correlation between the indicator and demand. (Indicators
                     with low correlation should not be used.) Once the inputs are known,
                     it is a simple matter to look up the current indicator (e.g., x
                     number of housing starts), plug it in the equation, and find the
                     forecast of demand ($x dollars in total sales).

                  
                  

               
               

            
            
            
            
               
               
               Simple
                  Regression

               
               
               
               
                  
                  
                  Simple regression (also called
                     linear regression) uses the least-squares method. As defined in the ASCM Supply Chain Dictionary, the least-squares
                        method is defined as:

                  
                  
                  
                  
                     
                     
                        A method of curve fitting that estimates a line of best fit through a plot of data
                           to minimize the sum of squared differences between the data points and the line. See:
                           regression analysis.
                        

                     

                  
                  
                  
                  Curve fitting is defined in the ASCM Supply Chain Dictionary as:

                  
                  
                  
                  
                     
                     
                        An approach to forecasting based on a
                           straight line, polynomial, or other curve that describes some historical time series
                           data.
                        

                     

                  
                  
                  
                  The least-squares
                     method is used to make an association between the dependent variable y (the thing you are trying
                     to predict) and the independent variable x (the predictor).
                     Two other elements are used in the formula, the slope (rise over
                     run), denoted with an m in the
                     formula below (sometimes also called beta in an alternative version
                     of the formula), plus a fixed starting point called the intercept,
                     denoted b in the formula below
                     (also sometimes called alpha). The intercept is simply where the slope
                     intercepts zero on a chart. Consider an example comparing housing
                     starts to roofing sales. If there were zero housing starts in the
                     prior month, what would roofing sales be? That is the intercept.
                     The following trend equation forms the basis of regression analysis:

                  
                  
                  
                  [image: ../images/mathml_id174KCD00BMI.png]
                  
                  
                  
                  Compare Exhibit 3-33 to Exhibit 3-34 below.
                     Both show the same data, but Exhibit 3-33 depicts
                     housing starts and roofing sales over time, which helps show some
                     correlation between the predictor (housing starts) and the thing
                     being predicted (roofing sales). Exhibit 3-34 shows
                     how to interpret the formula and apply it to the roofing sales example.

                  
                  
                  
                  
                  
                     Exhibit 3-33: Simple Regression Dependent and Independent Variables Over Time[image: Scatterplot comparing roofing sales (USD) and housing starts over time from Oct-Y1 to Jan-Y5, with sales on the left axis and housing starts on the right. Both series fluctuate but generally rise toward the end of the period.]
                  
                  
                  
                  
                  
                     Exhibit 3-34: Simple Regression Slope and Intercept with Correlation[image: Scatterplot of roofing sales vs. housing starts with a regression line showing the intercept near USD 600,000 and a positive slope indicating increasing sales with more housing starts. Go to long description for details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  The
                     first thing to do in regression analysis is to visualize the data.
                     The exhibit above shows the prior month’s housing starts compared
                     to the organization’s total roofing sales, and a trend line is included.
                     Note that the trend equation above is basically a way to take new
                     data and plot it on this observed historical trend line.

                  
                  
                  
                  So, how do we tell whether there is enough correlation to
                     use this predictor in our sales forecast? The coefficient of correlation (r) is a statistical term for the strength of correlation,
                     and in this case the value is +0.79, which means that the element is positively correlated.
                     Squaring the coefficient of correlation yields the coefficient of determination (called
                     r-squared or r2). The coefficient of determination
                     is a statistical measure between 0.0 and 1.0 of how well a given regression model
                     explains
                     the variation in the data when used to predict an outcome. In this case, squaring
                     0.79
                     equals 0.6241, so one can say that this predictor explains about 62.41 percent of
                     the change
                     in roofing sales, with the remaining factors being other causes. Here we have a strong
                     positive correlation worth pursuing. Weaker values below an organizationally determined
                     threshold would indicate that you should find some other predictor.

                  
                  
                  
                  Note that there
                     is a difference between correlation and causation. Correlation is
                     an observation that the change in an independent variable has a
                     measurable effect on a dependent variable. However, just because
                     the effect can be reliably observed over time does not mean that
                     the one thing caused the other thing. It could be that some third
                     force is affecting both of them, or the correlation could be a coincidence.
                     It is important that forecasters apply common sense when selecting
                     independent variables (predictors), or decision makers might reject
                     the forecast results.

                  
                  
                  
                  Most
                     forecasters use a data analysis program to generate the values for m and b. For example, Microsoft Excel
                     can generate these statistics quickly based on historical data. After
                     these values are found, just input the predictor along with these
                     two values into the equation to predict the next period’s results.

                  
                  

               
               

            
            
            
            
               
               
               Multiple
                  Regression

               
               
               
               
                  
                  
                  The ASCM Supply Chain Dictionary defines
                     multiple regression model as: “A form of regression analysis that includes more than one independent variable, such
                        as developing a forecast of dishwasher demand based upon housing starts, gross national
                        product, and disposable income. Syn.: multilinear regression analysis.” Multiple regression is an extension of simple regression; there are
                     multiple predictive variables rather than just one. For example, one could
                     add marketing spend to the roofing sales analysis to determine if this
                     increases or decreases the predictive value of the equation.

                  
                  

               
               

            
            
            
            
               
               
               Econometric
                  Model

               
               
               
               
                  
                  
                  According to the ASCM Supply
                        Chain Dictionary, the econometric model is: “A set of equations intended to be used
                        simultaneously to capture the way in which dependent and independent variables are
                        interrelated.” An econometric model could be used to explain the demand for housing starts by
                     looking at the consumer base, internet interest rates, personal incomes, and land
                     availability.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Intrinsic (Time Series) Forecasting

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary defines
                  intrinsic forecasting and related terms as follows.

               
               
               
               
                  
                  Intrinsic forecast
                        method:
                     A forecast based on internal factors, such as an average of past sales. Ant.: extrinsic
                        forecasting method.

                  
                  Time series
                        forecasting:
                     A forecasting method that
                        projects historical data patterns into the future. It involves the assumption that
                        the near-term future will be like the recent past.

                  
                  Time series analysis:
                     Analysis of any variable classified
                        by time in which the values of the variable are functions of the time periods. Time
                        series analysis is used in forecasting. A time series consists of seasonal,
                        cyclical, trend, and random components. See: cyclical component, random component,
                        seasonal component, trend component.

                  

               
               
               
               Intrinsic, or time series, forecasting uses internal
                  information such as the organization’s historical data on demand for a product
                  family or individual products. The assumption that the near-term past is a good
                  guide to the near-term future may or may not be true.

               
               
               
               The methods used
                  in time series forecasting are less complex mathematically and thus easier
                  to explain to decision makers than extrinsic forecasts. Time series
                  methods assume that the factors that have influenced the past will
                  continue on into the future. When that trend is unlikely to be stable,
                  causal/associative forecasting may be needed.

               
               
               
               There are a number of types of
                  time series forecasting, ranging from the very simple to the relatively
                  complex. Naive forecasting, life cycle analysis, moving averages, exponential
                  smoothing, and decomposition are examples. Naive forecasting and
                  life cycle analysis are addressed next, while the others are addressed
                  in detail in this area.

               
               
               
               Naive forecasting
                  simply assumes that the last period’s demand will be this period’s forecast—for
                  example, that last June’s results will be this June’s results (or
                  last month’s deseasonalized results will be next month’s deseasonalized
                  results). It can be cost-effective but does not account for trends,
                  and any random spike or trough in demand would be carried forward.
                  These basic models will be off by a substantial amount when random
                  variation has occurred in the prior period, since they will repeat
                  that spike or dip. Other intrinsic methods like moving averages
                  and exponential smoothing are primarily intended to smooth out the
                  effects of any random variations to allow the basic trend to be
                  projected forward. This tends to result in a safer forecast. The
                  methods differ on how much or how little they lag a trend versus
                  how much or how little they smooth out random variation. Faster response
                  to a trend change will result in less smoothing out of random variation,
                  and vice versa.

               
               
               
               Another quantitative forecasting technique is life
                     cycle analysis, defined in the ASCM Supply Chain Dictionary as:

               
               
               
               
                  
                  
                     1) Syn.: life cycle assessment (LCA). 2) A quantitative forecasting technique that
                        is based on applying past patterns of demand data and that covers introduction, growth,
                        maturity, saturation, and decline of similar products to a new product family. See:
                        product life cycle.
                     

                  

               
               
               
               This is a comparative
                  technique that analyzes and adapts existing data and patterns and
                  extrapolates them to create a forecast based on historical information.

               
               
               
               Prior to using any
                  intrinsic method, the data needs to be prepared. For data with seasonality,
                  the seasonality must be temporarily removed or the forecast will
                  not correctly account for these variations.

               
               

            
            
            
            
               
               
               Visualizing
                  and Deseasonalizing

               
               
               
               
                  
                  
                  Two
                     of the steps in time series forecasting are visualizing and deseasonalizing.
                     Note that if no seasonality is present in the data, you can skip
                     the deseasonalizing step.

                  
                  
                  
                  Visualizing
                     the data is an important part of forecasting. You can often spot
                     seasonality or some other trend or cycle quickly and decide how
                     best to conduct the forecast. Seasonality can be observed for the
                     months in a year or the hours in a day and so on.

                  
                  
                  
                  The first thing to do when preparing to
                     use a time series forecast is to determine if there is seasonality. Exhibit 3-35 shows
                     some visualized raw data for a product with strong demand in the
                     winter months and very low demand in the summer months.

                  
                  
                  
                  
                     Exhibit 3-35: Visualize the Raw Data[image: A line chart titled “Raw Data”, which helps identify the periods of high and low values within each year, showcasing the cyclic nature of the data. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Note
                     the linear trend, shown as the dotted line. It is slightly upward-sloping
                     but is not likely to create forecasting problems. (The discussion
                     of the decomposition technique will show how to adjust for a stronger
                     trend.) However, the waves are very strong, showing strong seasonality.
                     In intrinsic forecasting, what happened in the past is projected
                     forward. A time series forecast done during a seasonal upswing would predict
                     the swing to keep on going upward, while a visual review clearly
                     shows that the upswing will very likely become a downswing in a
                     predictable manner. This is why seasonality needs to be removed
                     (deseasonalizing) and added back only after forecasting.

                  
                  
                  
                  The process of deseasonalizing
                     data, or removing the seasonality, involves generating a seasonal
                     index. Exhibit 3-36 shows
                     the raw data on the left used to generate the chart in Exhibit 3-35 and
                     on the right it shows the same data after it has been deseasonalized. The
                     process of converting from raw to deseasonalized data is addressed
                     next.

                  
                  
                  
                  
                     Exhibit 3-36: Generating Deseasonalized Data[image: A table showing monthly sales data for three years, month averages, seasonal indices, and deseasonalized data for each year. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  The ASCM Supply Chain
                        Dictionary defines seasonal index as: “1) A number used to adjust data to
                        seasonal demand. 2) Manipulations to the buffer size that affect inventory positions
                        by adjusting buffers to follow seasonal patterns. Syn.: seasonal adjustment. See:
                        base series.” A seasonal index provides information on how much each seasonal period’s demand
                     has
                     varied from the average demand in the past, and the index is therefore used to estimate
                     how
                     much seasonal demand will vary from average demand in a future seasonal period. A
                     seasonal
                     index of 1.0 means that the period’s demand is equal to average demand. A value less
                     than
                     1.0 means that the period’s demand is less than the average; a value greater than
                     1.0 shows
                     that the period’s demand is greater than average.

                  
                  
                  
                  The steps in deseasonalization
                     using a seasonal index and forecasting with it are as follows:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Calculate
                              the period average demand by summing all like periods in the
                           series and dividing by the number of them. In this case, this will
                           involve calculating the month average for each month. The month
                           average is the sum of each year’s results for a given month divided
                           by the number of years. For example, January results for the three
                           years are summed and divided by 3 to find the month average of 31
                           units for January. This is then done for each of the other months.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Calculate the average demand for
                              all periods. In this case, this will be to calculate the year
                           average. Sum the 12 month averages and divide by 12. In the example,
                           this is

                        
                        
                        
                        [image: ../images/mathml_id2284EE090Y4.png]
                        
                        
                        
                        This year average
                           is deseasonalized because it averages out the rise and fall in sales.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Calculate the seasonal index. In this case, we start by dividing the January
                           average by the average demand for all three years. This is repeated for each other
                           month. Note how the months with higher-than-average demand have an index over 1.0
                           while
                           months with lower-than-average demand have an index of less than 1.0.

                        
                        
                        
                        [image: ../images/mathml_id209HF0GL05Z.png]
                        
                        
                        
                        [image: ../images/mathml_id209HF0HE0Y4.png]
                        
                        

                     
                     
                     
                     	
                        
                        
                        Calculate deseasonalized demand by
                           dividing each period’s raw demand by the seasonal index. Thirty-two
                           units were sold in January of year 3, and 32 divided by 2.214 results
                           in 14.45 deseasonalized units, which is very close to the average annual
                           sales level shown at the bottom of Exhibit 3-36.
                           This value would be used in the forecasting process. The exhibit
                           shows how the seasonal index is calculated for each month for three
                           years of raw data and the values are then converted to deseasonalized
                           values.

                        
                        
                        
                        [image: ../images/mathml_id209HF0I0OHS.png]
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                        Forecast using the deseasonalized
                              data. Specific forecasting methods are discussed elsewhere.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Apply the proper seasonal index
                              to the deseasonalized forecast results. (The example shows a
                           deseasonalized three-month moving average forecast of 13.99 units
                           for year 4 being reseasonalized.)

                        
                        
                        
                        [image: ../images/mathml_id209AM0W0W5Z.png]
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                  If you would like
                     to experiment with an interactive version of the worksheet used
                     as a running example for both time series forecasting and error
                     calculations, download the “Forecasting Model” spreadsheet from
                     the additional resources.

                  
                  
                  
                  Another term that you may hear used when calculating the seasonal index
                     is base series. The ASCM Supply Chain Dictionary defines
                     base series
                     as:

                  
                  
                  
                  
                     
                     
                        A standard succession of values of
                           demand-over-time data used in forecasting seasonal items. This series of factors is
                           usually based on the relative level of demand during the corresponding period of
                           previous years. The average value of the base series over a seasonal cycle is 1.0.
                           A figure
                           higher than 1.0 indicates that demand for that period is higher than average; a
                           figure less than 1.0 indicates less-than-average demand. For forecasting purposes,
                           the base series is superimposed upon the average demand and trend in demand for the
                           item in
                           question. Syn.: base index. See: seasonal index, seasonality.
                        

                     

                  
                  

               
               

            
            
            
            
               
               
               Seasonal Forecast (Commercial Door Manufacturer Example)

               
               
               
               
                  
                  
                  A simple use for the seasonal index is to create a
                     seasonal forecast, which applies seasonality to a forecast of average demand per period.
                     Let’s use our commercial door manufacturer case study to illustrate this. In this
                     case, we
                     are forecasting data by quarter, so the deseasonalization process creates a quarterly
                     seasonal index.

                  
                  
                  
                  Exhibit 3-37 shows a chart of actual demand for product family A, segment B, by quarters
                     across a three-year period. Note the downward-sloping dotted trend line and the solid
                     line
                     for average demand over the entire period. Clearly there is strong seasonality in
                     these
                     data.

                  
                  
                  
                  
                     Exhibit 3-37: Visualizing Data to Find Seasonality[image: Line chart showing quarterly demand for Family A, Segment B over 12 quarters, with peaks every fourth quarter, a downward-trending dotted line, and a horizontal average line around 825 units. Go to long description for details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Exhibit 3-38 shows the deseasonalization for this three-year (12-quarter) period.

                  
                  
                  
                  
                     Exhibit 3-38: Deseasonalized Demand[image: A table showing Actual Demand History and Deseasonalized Demand for three years, including quarterly averages and seasonal indices. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  In Exhibit 3-38, there are three years of quarterly data, and the quarter average was found by
                     summing each quarter’s results and dividing by 3 (the number of years). These quarterly
                     averages were then summed to 4,000 units, and the average demand for all periods was
                     found
                     by dividing that by 4 for the number of periods. The seasonal index was then found
                     by
                     dividing each quarterly average by the average demand for all periods (1,000 units).
                     Note
                     how the seasonal indexes will sum to the number of periods (4.000), which helps in
                     verifying
                     that the calculations are correct. After the seasonal index is prepared, the data
                     is then
                     deseasonalized by dividing the raw data by the seasonal index. For example, year 1,
                     quarter
                     1, had 1,422 units of actual demand, and dividing this by 1.387 results in 1,025 units
                     of
                     deseasonalized demand.

                  
                  
                  
                  Once the data are deseasonalized, a simple seasonal
                     forecast can be calculated for the next year (or other period). Assume that the organization
                     forecasts the annual demand for year 4 to be 3,756 units. Dividing this into quarters
                     results in 939 units per quarter (3,756 divided by 4). To apply seasonality, multiply
                     each
                     quarter’s seasonal index by the average quarterly demand. (Note: Results are rounded.)

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Y4 quarter 1 forecast:
                           1.387 × 939 = 1,302 units

                        
                        

                     
                     
                     
                     	
                        
                        
                        Y4 quarter 2 forecast:
                           1.016 × 939 = 954 units

                        
                        

                     
                     
                     
                     	
                        
                        
                        Y4 quarter 3 forecast:
                           0.677 × 939 = 636 units

                        
                        

                     
                     
                     
                     	
                        
                        
                        Y4 quarter 4 forecast:
                           0.920 × 939 = 864 units

                        
                        

                     
                     
                     
                     	
                        
                        
                        Sum of quarterly
                           forecasts = 3,756 units

                        
                        

                     
                     

                  
                  
                  
                  If we change our example to a one-year time
                     bucket, we can make a forecast for all of Y4 by collapsing the quarters into years.
                     Exhibit 3-38 showed that annual demand was 4,122,
                     4,000, and 3,878 units, and a three-year moving average would result in 4,000 units.
                     This is
                     lagging the downward trend, since, if the trend continues without change, next year
                     would be
                     3,756 units. (Demand went down by 122 units per year for the last two years.) Adjusting
                     the
                     forecast downward might be done at this point by following the trend line or using
                     qualitative adjustments. The organization in our example chose to set its Y4 forecast
                     at
                     3,720 units due to qualitative information about the competition and other factors.
                     A
                     seasonal forecast could be applied by dividing the annual units by the number of periods
                     and
                     then multiplying each period by its respective seasonal index. If management had a
                     reason to
                     believe instead that the trend would change, say, to start heading upward, these adjustments
                     could also be made qualitatively.

                  
                  

               
               

            
            
            
            
               
               
               Other
                  Observations Common to All Intrinsic Methods

               
               
               
               
                  
                  
                  When seasonality is
                     removed, intrinsic methods can indeed be reasonably accurate much
                     of the time. They can be used to project a current trend forward.
                     However, any time series, that is, a series of demand data points
                     over a number of past periods, will lag a change in a trend, because
                     the series will always continue forward as if the trend had not
                     changed.

                  
                  
                  
                  One thing
                     to note about intrinsic methods in general is that none of them
                     really work well for longer-term forecasting, because you rapidly
                     run out of actual data. For example, if we wanted to forecast Y4
                     Q2 results at the end of Y3, we would need to use a forecast in
                     place of the actual data for Y4 Q1 for the moving average or exponential smoothing,
                     and so the forecasts would quickly become less useful. Instead,
                     the procedure is to wait until the next period, when the actual
                     results come in, and then forecast for the future period at that
                     time. Thus forecasting would be done one day, week, month, quarter,
                     or year at a time, depending on the time bucket.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Moving Average
               and Weighted Moving Average

            
            
            
            
               
               
               Once the data are deseasonalized, they
                  are ready for use in forecasting with the moving average or weighted
                  moving average techniques. (If the data have no seasonality, they
                  can be used in forecasting with no additional computation.)

               
               
               
               A moving average is simply the average of a certain
                  number of past periods of demand. It is called moving because the latest set of periods
                  is
                  always used. The ASCM Supply Chain Dictionary defines a
                  moving-average forecast as follows:

               
               
               
               
                  
                  
                     A forecast created using an arithmetic average of a certain number (n) of the most
                        recent observations. As each new observation is added, the oldest observation is dropped.
                        The value of n (the number of periods to use for the average) reflects responsiveness
                        versus stability in the same way that the choice of smoothing constant does in exponential
                        smoothing. This method smooths out short-term fluctuations and highlights longer-term
                        behavior in the data pattern. See: average demand, forecast, simple moving average,
                        weighted moving average.
                     

                  

               
               
               
               [image: ../images/mathml_id209BE0B00HS.png]
               
               
               
               Common examples include three- and six-period
                  moving averages. As you forecast the next period, you drop the oldest
                  period and add the most recent period. For example, in a three-month
                  moving average, January, February, and March demand would be summed
                  and divided by 3 (the number of months) to find April demand. In
                  April, May’s demand would be similarly calculated, except that now
                  the amounts for February, March, and April demand would be used.

               
               
               
               An example of the simple
                  three-month moving average is shown below.

               
               
               
               [image: ../images/mathml_id174KB090TB4.png]
               
               
               
               The simple moving
                  average can be useful when demand is relatively constant from period
                  to period. The method can be used to prevent an overreaction to
                  a random or irregular spike or dip in a given month because it smooths
                  out these variations. However, if there is a change in a trend,
                  this method would be slow to respond to it. It would lag the trend,
                  in other words.

               
               
               
               The ASCM Supply Chain
                     Dictionary defines the weighted moving average as:

               
               
               
               
                  
                  
                     An averaging technique in which the data to be averaged is not uniformly weighted
                        but is given values according to its importance. See: moving average forecast, simple
                        moving average.
                     

                  

               
               
               
               The weighted moving
                  average (or weighted average) forecasting method places weights
                  on the periods being averaged, usually to put greater emphasis on
                  the more recent periods and relatively less on the more distant
                  periods. While any weighting system can be used, testing against
                  historical data is needed to prove whether a given set of weights
                  is a better predictor than another.

               
               
               
               When calculating
                  the weighted moving average, you divide by the sum of the weights rather
                  than the number of periods. For example, if the third month out
                  is given a weight of 1, the second month out a weight of 2, and
                  the most recent month a weight of 3, you would divide this three-month
                  weighted moving average by (1 + 2 + 3) = 6, as shown below.

               
               
               
               [image: ../images/mathml_id174KCJ00EMI.png]
               
               
               
               One drawback to moving
                  averages is that to do this forecasting, you need to assemble data
                  from multiple periods. Exponential smoothing uses data only from
                  the prior period, so the data requirements are simplified.

               
               

            
            
            
            
               
               
               Commercial
                  Door Manufacturer’s Moving Averages

               
               
               
               
                  
                  
                  Exhibit 3-39 shows
                     the commercial door manufacturer’s time series results, deseasonalization,
                     and reseasonalized forecast using both three- and six-quarter moving
                     averages.

                  
                  
                  
                  
                     Exhibit 3-39: Moving Average Forecasting over 3 and 6 Quarters[image: Table of seasonal indices, actual and deseasonalized demand, and 3- and 6-quarter moving forecasts, with Y4-Q1 forecasts of 1,317 and 1,362 shown. Go to long description for details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  The
                     calculations are done using the deseasonalized demand in the first
                     two columns, and then the results are multiplied by the appropriate
                     seasonal index to produce the actual forecast. (You divide to remove
                     seasonality and then multiply to add it back.) Both methods start
                     by testing the method using historical data and then forecast the first
                     quarter of year 4. (The three-quarter method requires three quarters
                     of data, so the first results are in the fourth quarter; the six-quarter
                     method starts in the seventh quarter.) Another thing to realize
                     about this and later exhibits showing the commercial door manufacturer
                     example is that these amounts are calculated in a spreadsheet and
                     that the spreadsheet does not round numbers before making the next
                     calculation, even though it is formatted to display rounded numbers.
                     Therefore, some numbers may not appear to round to exactly the right
                     number. They do, however, round to what is shown when none of the
                     prior calculations are rounded first. Interested learners can download
                     this spreadsheet from the additional online resources.

                  
                  
                  
                  Let’s walk through the calculations for
                     the Y4 Q1 forecasts.

                  
                  
                  
                  For the three-quarter
                     method, the first step is to calculate the deseasonalized forecast as
                     follows.

                  
                  
                  
                  [image: ../images/mathml_id188MFE00GUI.png]
                  
                  
                  
                  To apply the seasonal
                     index and produce a useful result, this number is multiplied by the
                     seasonal index:

                  
                  
                  
                  [image: ../images/mathml_id228580X0RRO.png]
                  
                  
                  
                  Similarly, for the
                     six-quarter method, it is

                  
                  
                  
                  [image: ../images/mathml_id228581003E9.png]
                  
                  
                  
                  The seasonal index
                     is then applied:

                  
                  
                  
                  [image: ../images/mathml_id2285850004Y.png]
                  
                  
                  
                  Note how choice of
                     technique can make for somewhat different results. The forecast can
                     be directly compared to the prior quarter 1 results of 1,422, 1,351,
                     and 1,388 units.

                  
                  
                  
                  Which
                     method is better? That depends on how much you want to smooth out
                     random variation versus minimize a lag in a trend. Using more periods
                     will smooth out random variation more but also lag a change in a
                     trend more. Conversely, using fewer periods will lag a trend a little
                     less but also smooth out less random variation.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Exponential
               Smoothing

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary
                  defines exponential smoothing forecast as:

               
               
               
               
                  
                  
                     A type of weighted moving
                        average forecasting technique in which past observations are geometrically
                        discounted according to their age. The heaviest weight is assigned to the most
                        recent data. The smoothing is termed exponential because data points are weighted
                        in
                        accordance with an exponential function of their age. The technique makes use of a
                        smoothing constant to apply to the difference between the most recent forecast and
                        the critical sales data, thus avoiding the necessity of carrying historical sales
                        data. The approach can be used for data that exhibits no trend or seasonal patterns.
                        Higher order exponential smoothing models can be used for data with either (or both)
                        trend and seasonality.
                     

                  

               
               
               
               The basic formula for
                  exponential smoothing is

               
               
               
               [image: ../images/mathml_id209BE0E04YK.png]
               
               
               
               Exponential smoothing abandons the averaging of multiple
                  periods, but it does involve weighting. It gives more weight to the most recent demand
                  information because it is based on three things: the last period’s actual demand,
                  the last
                  period’s forecast result, and a smoothing constant called alpha (α). Alpha is a number
                  between 0.0 and 1.0 that is basically a percentage weighting where 1 equals 100 percent.
                  It
                  determines how much to weight the prior actual demand versus the forecast demand.
                  It is also
                  sometimes called a smoothing constant because it is used to smooth out random variation
                  to a
                  specific degree. The ASCM Supply Chain Dictionary defines
                  smoothing
                     constant (also known as smoothing factor or alpha factor) as:

               
               
               
               
                  
                  
                     In exponential smoothing, the
                        weighting factor that is applied to the most recent demand, observation, or error.
                        In this case, the error is defined as the difference between actual demand and the
                        forecast for the most recent period. The weighting factor is represented by the
                        symbol α. Theoretically, the range of α is 0.0 to 1. Syns.: alpha factor, smoothing
                        factor.
                     

                  

               
               
               
               This constant smooths
                  out the random or irregular spikes or dips in actual demand by placing
                  more weight on the prior forecast. Most organizations select a smoothing constant
                  between 0.05 and 0.5. (Others set the upper limit closer to 0.3.)
                  A constant of 0.05 gives minimal weight to the preceding period’s
                  actual demand, while 0.5 equally weights the actual and forecast
                  results. The constant value is selected by experience, trial and
                  error, and testing against historical data.

               
               
               
               An example of exponential
                  smoothing is shown below. It uses the example of 14 units of December
                  of year 3 demand and assumes a smoothing constant of 0.3 and a prior period
                  (deseasonalized) exponential forecast of 16.2 units.

               
               
               
               [image: ../images/mathml_id174KD0408RN.png]
               
               
               
               Using this equation
                  produces a weighted average of previous results. A constant of 0.3 puts
                  30 percent of the weight on the last period’s demand and 70 percent
                  on the last period’s forecast.

               
               
               
               Multiplying the deseasonalized data by the
                  given period’s seasonal index results in the actual forecast values
                  for each month or other period of the forecast. For example, the January
                  year 4 exponential smoothing forecast of 15.54 units would be reseasonalized by
                  multiplying it by 2.214 (the January seasonal index), resulting
                  in a forecast of 34.4 units, which might then be rounded up to 35
                  units (since a partial unit cannot be produced).

               
               
               
               The exponential smoothing
                  method is often used because of its flexibility and low cost. Organizations
                  use this method when they want to minimize the lag that exists when trends
                  shift, but, like all time series models, it cannot eliminate this
                  lag.

               
               
               
               The lower the alpha
                  is (less weight is put on actual demand), the more exponential smoothing
                  will smooth out random variation, but it will also lag a trend more,
                  and vice versa. An alpha of 0.2 will put 20 percent of the weight
                  on actual demand and 80 percent on the forecast, reflecting the
                  impact of actual demand less than the 0.3 version. If the last period
                  had a spike in demand due to a promotion that was very successful,
                  the 0.2 alpha forecast will not reflect this spike as much as the
                  0.3 version. However, maybe that spike was actually not temporary
                  and people will start buying more of the product even after the
                  ad campaign finishes. This would be a change in a trend if it is
                  sustained over multiple periods, which is why placing less weight
                  on actual demand (lower alpha values) increases lags in trend. To
                  follow a trend more closely but smooth random variation less, a
                  higher alpha would be used.

               
               
               
               The ASCM Supply Chain
                     Dictionary defines several types of exponential smoothing, as:

               
               
               
               
                  
                  Adaptive smoothing:
                     A form of exponential smoothing in
                        which the smoothing constant is automatically adjusted as a function of forecast
                        error measurement.

                  
                  First-order smoothing or single exponential smoothing:
                     1) A single exponential smoothing.
                        2) A weighted moving average approach that is applied to forecasting problems in
                        which the data does not exhibit significant trend or seasonal patterns. Syn.: single
                        exponential smoothing, single smoothing.

                  
                  Second-order smoothing or double exponential
                        smoothing:
                     A method of exponential smoothing for trend situations that employs two previously
                        computed weighted averages, the singly and doubly smoothed values, to extrapolate
                        into the future. Syn.: second-order smoothing.

                  

               
               

            
            
            
            
               
               
               Commercial
                  Door Manufacturer’s Exponential Smoothing

               
               
               
               
                  
                  
                  Exhibit 3-40 shows
                     the results of exponential smoothing for the commercial door manufacturer.
                     It applies exponential smoothing both to historical data plus the
                     Y4 Q1 forecast. The exhibit shows the results of using both 0.3
                     and 0.1 smoothing constants.

                  
                  
                  
                  
                     Exhibit 3-40: Exponential Smoothing with 0.3 and 0.1 Alpha[image: Table with seasonal indices, actual and deseasonalized demand for 12 quarters, plus exponential smoothing forecasts (0.3 and 0.1). Y4-Q1 forecasts are 1,347 and 1,389. Go to long description for details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Note
                     that exponential smoothing requires a prior actual and a prior forecast,
                     so the 1,032 unit deseasonalized forecast for Y1 Q1 is supplied
                     here rather than being calculated. Here is how the Y4 Q1 forecasts
                     were calculated. (Note that an additional decimal place is shown
                     in the “Exp. 0.1” version so as to round to the correct answer.)
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                  All of the other
                     historical test forecasts were similarly calculated.

                  
                  
                  
                  Choosing the right
                     alpha can make a big difference in forecast accuracy, and often
                     the right one is found by running simulations with different alphas
                     or by using trial and error. Both the automated and manual methods
                     compare the forecast against actual results over time to find the
                     best alpha. An advantage of using a smoothing constant that is basically
                     a percentage is that it can be fine-tuned such as by selecting an
                     alpha of 0.145. It could also be adjusted to account for known temporary
                     events or other one-time dips or spikes in the data.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Time-Series Decomposition

            
            
            
            
               
               
               The decomposition of time series data seeks to understand the
                  patterns of demand in a given sequence of historical data. The ASCM Supply Chain Dictionary defines time-series decomposition as:

               
               
               
               
                  
                  
                     A method of forecasting that separates time series data into as many as three predictable
                        components: trend, seasonal, and cyclical. The forecast is created by projecting the
                        predictable patterns individually and then combining them into one forecast. See:
                        cyclical component, random component, seasonal component, trend component.
                     

                  

               
               
               
               The next forecasting example will have seasonality, a strong trend,
                  and, as with any real data, random components. Note that “cyclical” in the definition
                  refers
                  to repetitive activity other than annual recurrent periods, such as the economic cycle
                  of
                  growth and recession. The cyclical component is not addressed in this example. Exhibit 3-41 is a depiction of a time
                  series decomposition in a chart with a trend line. The point where the trend intersects
                  0 on
                  the chart shows that there were 161 units of demand.

               
               
               
               
                  Exhibit 3-41: Time-Series Decomposition[image: A scatter plot chart showing individual data points with an orange trend line indicating the general trend over time. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               What do you notice about the demand patterns in the
                  graph? Do you see a trend pattern and, within that pattern, a repeating seasonal pattern?
                  Can you identify some products that might have this type of demand?

               
               
               
               At this point, it is important to distinguish
                  between two types of seasonal variation: additive and multiplicative. Additive seasonal
                  variation assumes that there is a constant seasonal amount regardless of what the
                  trend or
                  average amount is. The seasonality is overlaid on the trend; this is what is happening
                  in
                  this example. With multiplicative seasonal variation, the trend is multiplied by the
                  seasonal factors. The highs and lows would both increase in this method, and the seasonality
                  would appear to become more volatile.

               
               
               
               The following steps will demonstrate how
                  decomposition can be used to create a forecast when there are both trend and seasonal
                  components in a time series. Our example uses a two-year time series for simplicity.

               
               
               
               
                  Step 1: Plot the
                     seasonal data and calculate the trend line.
                  

               
               
               
               
                  
                  
                  	
                     
                     
                     The data have already
                        been plotted for a two-year period in Exhibit 3-41. We have used a spreadsheet graphic application to calculate a
                        quarterly trend line through the data for these two years.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Note the left intercept—in this case, 161, denoted as b in the trend equation below. This equation simply
                        means that the trend line starts at 161 and rises by 50 units every quarter (so the
                        slope, or rise over run, denoted as m, is 50
                        units/quarter, where x is the period in question). It
                        rises to 561 units in quarter 4, year 2. This is a rise of 400 units over eight
                        quarters, starting at 161 units in quarter 0.

                     
                     

                  
                  

               
               
               
               [image: ../images/mathml_id174KD080INP.png]
               
               
               
               So the trend for quarter 1 of year 1 is 211 units,
                  as shown in Exhibit 3-42 below,
                  along with the actual demand and trend figures for all eight quarters of years 1 and
                  2. Note
                  that the trend does not yet account for seasonality. (This will be addressed next.)

               
               
               
               
                  Exhibit 3-42: Seasonal Quarterly Data
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                  Step 2: Calculate the
                     trend-adjusted seasonal factor.
                  

               
               
               
               This step requires two calculations:

               
               
               
               
                  
                  
                  	
                     
                     
                     Determine the actual to
                        trend ratio by dividing actual by trend for each quarter of the two years.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Calculate the
                        trend-adjusted seasonal indexes based on averaging same-quarter ratios for quarters
                        1
                        through 4 for these two years.

                     
                     

                  
                  

               
               
               
               Use the trend-adjusted seasonal indexes to generate
                  the seasonal forecast for the following year.

               
               
               
               
                  Step 3: Calculate the
                     trend-adjusted seasonal forecast.
                  

               
               
               
               
                  
                  
                  	
                     
                     
                     For each quarter of the
                        forecasted year, multiply the trend value shown in the “Trend” column by the quarter’s
                        trend-adjusted seasonal index, as is shown in Exhibit 3-43.

                     
                     

                  
                  
                  
                  	
                     
                     
                     To determine the annual
                        forecast, sum the quarterly forecast results.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Compare the aggregate
                        forecast to the actual demand of the preceding year and determine the difference.
                        This
                        figure indicates the effect of the trend on the aggregate forecast.

                     
                     

                  
                  

               
               
               
               
                  Exhibit 3-43: Time Series Decomposition Forecast
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               Case Study
                  Exercise

               
               
               
               
                  
                  
                  Consider our case study
                     organizations—a fast fashion clothing retailer; a hotel group with more than 2,000
                     hotels
                     in Europe, North America, and China; a commercial door manufacturer who uses both
                     MTO and
                     MTS; a motorcycle manufacturer who also makes scooters; and a shipbuilder who builds
                     a
                     wide variety of vessels. Which do you think would experience the greatest seasonal
                     demand
                     for its products or services? Rank the case study organizations in terms of seasonal
                     demand and provide specific examples to support your opinion using what you’ve learned
                     thus far.

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Organization

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Rank

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Why? (Provide
                                          specific examples.)

                                       
                                       
                                    
                                    

                                 
                                 
                              
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Clothing
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                                       Commercial door
                                          manufacturer
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            Advanced Data Analytics for Forecasting

            
            
            
            
               
               
               Advanced data analytics for forecasting leverage machine learning (ML) and artificial
                  intelligence (AI) to vastly speed up, automate, and improve forecasting.
                  Improvements can include the inclusion of external variables that could impact
                  demand. In addition to internal company data, this could be data about weather,
                  leading indicators such as gross domestic product (GDP), marketing actions, or
                  competitor actions. Machine learning uses models and algorithms to automate decision
                  processes, uncover hidden trends, detect correlations, find outliers, and also learn
                  from prior iterations and make dynamic improvements. AI can help by rapidly making
                  use of vast amounts of source data and answering specific queries or altering
                  reports based on forecaster input. These tools have been shown to be more accurate
                  than various methods of qualitative forecasting in part because they do not have
                  bias towards a given result. These tools can be highly accurate but must be tested
                  for accuracy before rolling them out on a wider scale. 

               
               
               
               These tools are advancing rapidly (The methods presented next are not discussed
                  further in this text; they are provided so you can do your own research as desired).
                  Here are some names of common ML forecasting methods :

               
               
               
               
                  
                  
                  	
                     
                     
                     Time series analysis using ML

                     
                     

                  
                  
                  
                  	
                     
                     
                     Artificial neural networks

                     
                     

                  
                  
                  
                  	
                     
                     
                     Random forest

                     
                     

                  
                  
                  
                  	
                     
                     
                     Decision trees

                     
                     

                  
                  

               
               
               
               Here are some common AI planning and forecasting methods:

               
               
               
               
                  
                  
                  	
                     
                     
                     Bayesian networks

                     
                     

                  
                  
                  
                  	
                     
                     
                     Evolutionary algorithms

                     
                     

                  
                  
                  
                  	
                     
                     
                     Deep learning

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Section C: Forecast Performance

         
         
         
         
            
            
            
               After completing
                  this section, students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Evaluate forecast
                     performance to goals using appropriate forecast
                     error metrics 

                  
                  

               
               
               
               	
                  
                  
                  Differentiate
                     between bias and random variation in forecasts

                  
                  

               
               
               
               	
                  
                  
                  Collaborate with
                     internal and external stakeholders to improve
                     forecast accuracy 

                  
                  

               
               
               
               	
                  
                  
                  Mitigate the
                     bullwhip effect 

                  
                  

               
               
               
               	
                  
                  
                  Determine appropriate use of point-of-sale (POS) data and
                     support collaborative planning, forecasting, and
                     replenishment (CPFR®). 

                  
                  

               
               

            
            
            
            A discussion of forecasting must cover
               evaluation of forecast error because it is vital to know how much reliance to place
               on a forecast. This section also looks at the bullwhip effect and how to counteract
               its effects, which could include collaborative planning, forecasting, and
               replenishment (CPFR®). CPFR is an example of
               how to extend forecasting and forecasting data input beyond organizational
               boundaries to include supply chain partners.

            
            

         
         
         
         
   
      
         
         
         
         Evaluating Forecast Performance

         
         
         
         
            
            
            This topic covers the objectives of forecast
               evaluation, the benefits of forecast accuracy, forecast terms, forecast error, and
               forecast
               performance metrics.

            
            

         
         
         
         
         
            
            
            Forecast Evaluation

            
            
            
            
               
               
               The primary objective of tracking forecast error rates and
                  evaluating related metrics is to generate information that can be used to improve
                  forecasting methods, data collection and preparation methods, and so on over time.
                  An
                  improved forecast will have a narrower range of forecast error. Forecasters and users
                  of
                  forecasts use information on forecast accuracy to understand demand characteristics,
                  variation, and stability. Another important objective is to help people determine
                  how much
                  reliance they should place on the forecast, and, in addition to creating error metrics,
                  this
                  involves making explicit all assumptions that were made when building the forecast.

               
               
               
               The main reason for wrong forecasts is customer
                  unpredictability. Another potential reason is human error or bias on the part of
                  forecasters. Salespersons can provide overly optimistic forecasts—or deliberately
                  low
                  forecasts to make it easier to achieve goals. While bias in this sense can exist,
                  we will
                  show that bias has a very specific definition when it comes to forecast error.

               
               
               
               Desired outcomes associated with evaluating and
                  monitoring forecasts include correcting bias by better aligning forecasts with demand,
                  better anticipating new customer orders and product demands, and developing better
                  estimates
                  of safety stock (and, as a result, reducing inventory investment). This last point
                  is
                  important for planning and inventory management professionals. While you may not be
                  creating
                  forecasts or calculating forecast error yourself, you may need to use forecast error
                  data to
                  determine how much safety stock to hold. If the forecast is very reliable, there will
                  be
                  little need for safety stock; if the forecast is less reliable, more safety stock
                  can reduce
                  the chances of a stockout. In other words, forecast evaluation can serve not only
                  as a
                  metric of how well customer needs are interpreted but can also provide quantitative
                  data to
                  enable maintaining a specific level of customer service. How to perform these calculations
                  is addressed later in these materials.

               
               
               
               One indicator of a good forecast is forecasters’
                  willingness to stand behind their results. When forecasters are not forthcoming on
                  error
                  rates, it may be necessary to do one’s own analysis of error. Calculating error rates
                  is how
                  you determine how much reliance to put on forecast results.

               
               
               
               Next we address forecast accuracy benefits and
                  introduce some key terms.

               
               

            
            
            
            
               
               
               Benefits of
                  Forecast Accuracy

               
               
               
               
                  
                  
                  A high level of
                     forecast accuracy provides a number of overall benefits:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        It supports customer
                           satisfaction and increases customer loyalty by ensuring that the organization can
                           deliver the desired product or service to the customer in a timely manner.

                        
                        

                     
                     
                     
                     	
                        
                        
                        It reflects a more
                           complete understanding of customers’ future product demands, thereby helping support
                           future revenue streams.

                        
                        

                     
                     
                     
                     	
                        
                        
                        It lowers the need for or
                           amount of safety stock or safety lead time, resulting in lower expenses.

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Forecast
                  Terminology

               
               
               
               
                  
                  
                  Here are a few key
                     terms that it will be important for you to know, as they are embedded within the various
                     error formulas. The following terms are defined by the ASCM
                        Supply Chain Dictionary.

                  
                  
                  
                  
                     
                     Extrapolation:
                        Estimation of the future value of some data
                           series based on past observations. Statistical forecasting is a common example.
                           Syn.: projection.

                     
                     Mean:
                        The arithmetic average of a group of values. Syn.:
                           arithmetic mean.

                     
                     Median:
                        The middle value in a set of measured values when
                           the items are arranged in order of magnitude. If there is no single middle value,
                           the median is the mean of the two middle values.

                     
                     Mode:
                        The most common or frequent value in a group of
                           values.

                     
                     Normal distribution:
                        A particular statistical distribution
                           in which most of the observations fall fairly close to one mean and a deviation from
                           the mean is as likely to be plus as it is to be minus. When graphed, the normal distribution
                           takes the
                           form of a bell-shaped curve.

                     
                     Outlier:
                        A data point that differs significantly from other observations within a dataset.
                           For example, if the average sales for a product were 10 units per month, and one month
                           the product had sales of 500 units, this sales point might be considered an outlier.
                           The outlier could represent actual conditions, or it could be the result of an error
                           in data entry or management. See: abnormal demand.

                     
                     Probability distribution:
                        A table of numbers or a
                           mathematical expression that indicates the frequency with which each of all possible
                           results of an experiment should occur.

                     
                     Sample:
                        A portion of a universe of data chosen to estimate
                           some characteristics about the whole universe. The universe of data could consist
                           of
                           sizes of customer orders, number of units of inventory, number of lines on a
                           purchase order, and so forth.

                     
                     Sampling distribution:
                        The distribution of values of a
                           statistic calculated from samples of a given size.

                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Forecast Error

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary
                  defines forecast
                     error as: “The difference between actual demand and forecast demand. Forecast error can be represented
                     several different ways: mean absolute deviation, mean absolute percent error, and
                     mean squared error. See: deviation, mean absolute deviation (MAD), mean absolute percent
                     error (MAPE), mean squared error (MSE).” Forecast error can be stated as an absolute or a percentage.

               
               
               
               The formula for forecast error as an absolute
                  value follows (with an example showing actual demand of 31 units and forecast demand
                  of 34.4
                  units).

               
               
               
               [image: ../images/mathml_id174CB0T60KB.png]
               
               
               
               Where

               
               
               
               
                  
                  
                  	
                     
                     
                     A = Actual demand

                     
                     

                  
                  
                  
                  	
                     
                     
                     F = Forecast
                        demand

                     
                     

                  
                  

               
               
               
               An absolute value is a number that is stated
                  without regard to positive or negative signs. The absolutes of +3.4 and –3.4 are both
                  3.4.
                  The equation above expresses the absolute value mathematically using vertical bars,
                  e.g.,
                  │–3.4│ = 3.4. Absolute values of forecast error are used in some of the error tracking
                  methods discussed below.

               
               
               
               Absolute forecast error
                  expressed as a percentage is called absolute percent error (APE). The equation is
                  as follows
                  (with a continuation of the prior example).

               
               
               
               [image: ../images/mathml_id174CEL0B0MR.png]
               
               
               
               Forecast accuracy is simply the complement of the
                  absolute percent error, expressed as follows (continuing the prior example).

               
               
               
               [image: ../images/mathml_id174D9050K3L.png]
               
               
               
               Error rates generally compare the forecast against
                  actual results. Error measurements might help show, for example, how much of a mismatch
                  in
                  supply and demand in logistics services can be attributed to a poor forecast (i.e.,
                  outside
                  of the control of logistics) versus what needs to be attributed to other causes that
                  are
                  within the control of logistics. Separating out the elements outside of one’s control
                  can
                  help when presenting results to decision makers or when setting goals and targets
                  for
                  internal improvement.

               
               
               
               Error can be measured in units or monetary
                  amounts; both will be useful at different times and to different audiences. Error
                  in units
                  can help show which items are off by the most, while error in monetary amounts helps
                  show
                  the significance of the error. (Being off by 1,000 $10 television cables is less significant
                  than being off by 10 $10,000 televisions.) Error rates can also be used to refine
                  forecasts
                  to minimize future errors.

               
               

            
            

         
         
         
         
            
            
            Bias Versus Random Variation

            
            
            
            
               
               
               The key reason to create cumulative totals of forecast results is to
                  determine whether bias exists and, if it does, its relative level. The ASCM Supply Chain Dictionary defines the following
                  terms.

               
               
               
               
                  
                  Bias:
                     A consistent deviation from the mean in one
                        direction (high or low). A normal property of a good forecast is that it is not
                        biased. See: average forecast error.

                  
                  Cumulative forecast error: The accumulated total of
                        all forecast errors, both positive and negative. This sum will approach zero if the
                        forecast is unbiased. Syn.: sum of deviations.

                  

               
               
               
               As one might suspect, the quality of any forecast
                  is a direct result of the quality of the decisions that go into that forecast. The
                  balance
                  is finding the right procedure to create the most accurate forecast. For example,
                  if actual
                  demand is consistently higher than the forecast, this positive bias has a business
                  consequence that supply based on the forecast will fall short of demand. The bias
                  needs to
                  be corrected by a more realistic set of estimates used as inputs or by improving the
                  forecasting techniques for handling trends. Of course, doing so could mean using a
                  different
                  forecasting procedure for each decision, which may not be practical.

               
               
               
               Let’s explore bias using our commercial door
                  manufacturer case study. Exhibit 3-44 shows the most recent six
                  quarters for a forecast.

               
               
               
               
                  Exhibit 3-44: Cumulative Forecast and Actual Demand[image: This table compares actual demand with various forecast methods over six quarters, showing cumulative values and biases. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               The exhibit shows the actual demand and the
                  cumulative actual demand on the side titled “Actuals.” It then shows a three-quarter
                  moving
                  average forecast followed by a cumulative sum that starts in year 2, quarter 3, meaning
                  that
                  each quarter’s total adds to the running total in that column, without a value carried
                  in
                  from year 2, quarter 2. The cumulative forecast error totals per quarter are also
                  shown for
                  the other three forecast methods, but the forecast values used to calculate these
                  running
                  totals are omitted to help you focus on the key points in bold.

               
               
               
               Let’s walk through a column. In the “Actuals” area,
                  the actual demand is shown for each quarter. The actual cumulative (“Actual Cumul.”)
                  is the
                  same for the first quarter, but in the Y2 Q4 row, the 940 units are added to the 691
                  units,
                  and the sum is 1,631 units. The final total for all six quarters is then 5,509 units,
                  and
                  this number is used for comparison with each of the cumulative forecast error results.

               
               
               
               At the bottom of the exhibit, these 5,509 units of
                  actual demand are compared to the cumulative forecast totals for each method and the
                  difference (or variance) between forecast and actual is shown. There is a difference
                  of 80
                  units for the three-quarter moving average, 130 units for the six-quarter moving average,
                  115 units for the 0.3 exponential smoothing method, and 196 units for the 0.1 exponential
                  smoothing method. This difference is the cumulative forecast error (CFE), in other
                  words,
                  the bias of each method. Whenever the cumulative forecast and the cumulative actual
                  results
                  do not match, bias is said to exist.

               
               
               
               Bias means that if you plot the trend of the
                  forecast against the trend of the actual results, the trend lines would diverge more
                  and
                  more over time. If left unchecked, this could result in more and more overproduction
                  or
                  unfulfilled demand. This will either lead to waste, such as excess or obsolete inventory,
                  or
                  to missed sales, backorders, expedited orders, and production instability. Therefore,
                  both
                  situations need to be corrected, by changing either the forecasting method, the forecast
                  parameters, or the guidelines for persons providing estimates used in the forecast.

               
               
               
               When the cumulative forecast and the cumulative actual results are
                  identical, bias does not exist (there is no cumulative forecast error). However, usually
                  when this occurs it is because some results vary in a positive direction and others
                  vary in
                  a negative direction and they cancel each other out. Variance around the average that
                  results in no bias is called random variation. Because a normal property of a good
                  forecast
                  is that it should not have bias, the root cause of forecast error in an unbiased forecast
                  can be said to be random variation.

               
               
               
               When a forecast is unbiased, its distribution of forecast
                  errors will be a normal (bell-shaped) distribution. The ASCM
                     Supply Chain Dictionary defines the distribution of forecast
                     errors as:

               
               
               
               
                  
                  
                     Tabulation of the
                        forecast errors according to the frequency of occurrence of each error value. The
                        errors in forecasting are, in many cases, normally distributed even when the
                        observed data does not come from a normal distribution.
                     

                  

               
               

            
            
            
            
               
               
               Effect of
                  Bias Given Volatility

               
               
               
               
                  
                  
                  Demand patterns
                     range from stable to dynamic. Stable demand with no bias would have random variation
                     that
                     goes to either direction but only to a small degree. Dynamic demand with no bias would
                     have much wider swings in both directions that cancel each other out. Clearly it will
                     be
                     harder to plan in the latter situation. Let’s look at two hypothetical forecasts of
                     demand
                     of 100 units per month for six months, as shown in Exhibit 3-45. Note that the bias situation
                     exhibits highly dynamic demand (wide swings in both directions), while the random
                     variation example has stable demand because the magnitude of the swings is much
                     smaller.

                  
                  
                  
                  
                     Exhibit 3-45: Bias versus Random Variation[image: This table compares the actual demand with forecasted values over six months, illustrating the bias and random variation in the forecasts. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Since actual forecasts will have exactly
                     zero bias only on occasion, the idea is to minimize the amount of bias. Bias can be
                     caused
                     by issues with the forecasting technique, such as the lag that occurs when a trend
                     changes. Another potential root cause is when human bias was involved in making data
                     estimates (e.g., being consistently optimistic or pessimistic). Discovering the root
                     cause
                     is important, because otherwise the wrong remedies might be applied. When a trend
                     is being
                     lagged, a remedy might be to change the monthly average forecast to better fit the
                     trend.
                     Showing the amount of bias to estimators might be a good way to help them estimate
                     better
                     in the future. Even when bias does not exist, a forecast may still have a small or
                     large
                     amount of variability.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Deviation Versus Forecast Error

            
            
            
            
               
               
               Actual demand minus the forecast is a measure
                  of forecast deviation. The plus or minus sign shows the direction of the deviation.
                  When
                  subtracted in this order and when producing to forecast, a positive deviation means
                  that
                  there was a shortfall in production. A negative deviation would mean overproduction.
                  Let’s
                  look at an example to see to what degree random variation plays a role in each forecast.

               
               
               
               Exhibit 3-46 shows forecast deviation for our commercial door manufacturer.

               
               
               
               
                  Exhibit 3-46: Forecast Deviation[image: A table labeled “Forecast Deviation.” Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               This exhibit was generated by taking the actual
                  demand minus the forecasted demand to find the deviation. (Note that rounding was
                  used,
                  which may result in some slight discrepancies.) For example, for year 2, quarter 3,
                  actual
                  demand was 691 units but the three-quarter moving average forecast was 674 units.
                  This means
                  that there were 17 more units (691 minus 674 equals 17) in demand than the forecast
                  indicated. However, moving to the bottom, the Y3 Q4 actual results were 890 units
                  while the
                  0.1 exponential smoothing forecast was 925 units. This means that the forecast predicted
                  more demand than actually existed and the organization may have made 35 more units
                  (890
                  minus 925 equals –35) than needed that quarter.

               
               
               
               Overall we see that, in the first three methods,
                  some results are positive and some are negative, and they cancel each other out to
                  some
                  degree. However, the exponential smoothing method with a 0.1 alpha had forecast results
                  greater than actual demand in each quarter, so bias is clearly evident in this method.
                  (All
                  results are negative.) Note that the sum of these variances equals the difference
                  between
                  the cumulative forecasts and the cumulative actuals, as seen in Exhibit 3-44. (They were subtracted in the opposite order, so the sign differs.)
                  This is another way of determining bias.

               
               
               
               One thing deviation is not good at is determining
                  forecast error. The fact that some deviations cancel out other deviations will be
                  misleading
                  when trying to determine the total amount of error. Forecast error is concerned with
                  measuring the total amount of variability in the forecast, so it uses absolute values,
                  meaning values with no plus or minus signs. Exhibit 3-47 shows the same data, only now
                  these are absolute values. That is, the amounts are calculated the same as in the
                  prior
                  exhibit where the result of the actual demand minus forecast demand is found, but
                  in this
                  case the plus or minus signs are removed, so the results don’t cancel each other out.
                  The
                  sums here differ from the prior exhibit because all the values are additive.

               
               
               
               
                  Exhibit 3-47: Forecast Error[image: A table labeled “Forecast Error.” Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               While the three-quarter moving average appeared to
                  have the least difference from the actual demand when looking at deviations, a sum
                  of these
                  errors shows that it is the second-worst technique in terms of error rates.

               
               
               
               Since these sums of errors will differ depending on
                  how many periods are being added, one way to give a general indication of forecast
                  error is
                  to find the average or mean of these errors (absolute deviations), which is called
                  mean
                  absolute deviation.

               
               

            
            

         
         
         
         
            
            
            Mean Absolute Deviation (MAD)

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary
                  defines mean absolute deviation (MAD) 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. In forecasting, MAD is calculated as the arithmetic mean of
                        the absolute forecast error values. See: absolute error, forecast error.
                     

                  

               
               
               
               Exhibit 3-48 shows error calculations and
                  summed errors (absolute deviations), with the summed results divided by the number
                  of
                  periods to find the average or mean. For example, 169 divided by 6 (the number of
                  quarters)
                  equals 28 units. In other words, on average, the three-quarter moving average method
                  produces results that are 28 units away from the mean.

               
               
               
               
                  Exhibit 3-48: Mean Absolute Deviation[image: A table labeled “Mean Absolute Deviation.” Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               The formula for calculating MAD is as follows,
                  where Σ means the “sum of” all that follows and | | means to make the results absolute
                  before summing (with the three-quarter moving average MAD calculated from the exhibit
                  as an
                  example). Note that the top of this equation basically says to take the actual minus
                  the
                  forecast for each period, make each absolute, and then sum the results.

               
               
               
               [image: ../images/mathml_id209BF0QI05Z.png]
               
               
               
               [image: ../images/mathml_id209BF0QI0Y4.png]
               
               
               
               Exhibit 3-49 shows how MAD can be mapped on
                  a normal distribution or bell curve, which is a way of visually presenting
                  probability-related information.

               
               
               
               
                  Exhibit 3-49: Normal Distribution for MAD[image: Bell curve showing distribution of forecast errors from −3 to +3 MAD, with percentages of 1%, 4%, 15%, 30%, 30%, 15%, 4%, and 1%, and corresponding error values from −84 to +84 units for a 3-quarter moving average forecast.]
               
               
               
               
               The exhibit shows the mean at the center, or the
                  point where the actual demand and the forecast are identical. This is the most probable
                  result or central tendency, so the curve is the highest at this point. The forecast
                  will
                  deviate in either direction, toward overproduction on one side and toward underproduction
                  or
                  stockout on the other side. Statistical analysis shows that error will be

               
               
               
               
                  
                  
                  	
                     
                     
                     ±1 MAD from the mean 60%
                        of the time (that is, +1 MAD 30% of the time, –1 MAD 30% of the time)

                     
                     

                  
                  
                  
                  	
                     
                     
                     ±2 MAD from the mean 90%
                        of the time (+2 MAD 45% of the time, –2 MAD 45% of the time [30% + 15%])

                     
                     

                  
                  
                  
                  	
                     
                     
                     ±3 MAD from the mean 98%
                        of the time (+3 MAD 49% of the time, –3 MAD 49% of the time [30% + 15% + 4%])

                     
                     

                  
                  

               
               
               
               A tall and narrow curve means that the MAD value is
                  quite small, so results will cluster closely around the center. This means a low error
                  rate
                  in forecasting. A short and wide curve means that the MAD value is quite large, so
                  results
                  will vary a lot from the mean in either direction. This means a large range of errors.

               
               
               
               MAD is more easily understood in terms of units, so
                  below the number of MADs in Exhibit 3-49, note that the MAD is expressed
                  in units. These are the MAD units calculated for the three-quarter moving average
                  forecast.
                  One MAD is 28 units plus or minus the mean or average. Two MADs will then be two times
                  this
                  number of units, or 56 units. Similarly, three MADs will be three times the number
                  of units,
                  or 84 units.

               
               
               
               One of the ways that forecasts are monitored for errors is to set a
                  monitoring threshold that, if exceeded, triggers a review of the forecast and its
                  underlying
                  process. This trip value or threshold can be monitored using a demand filter, which is defined in the ASCM Supply Chain Dictionary as:

               
               
               
               
                  
                  
                     A standard set to monitor sales data for
                        individual items in forecasting models. It is usually set to be tripped when the
                        demand for a period differs from the forecast by more than some number of mean
                        absolute deviations.
                     

                  

               
               

            
            

         
         
         
         
            
            
            Other Forecast Performance Metrics

            
            
            
            
               
               
               A wide range of metrics or ratios can be used
                  to judge the merits of a forecast. The purpose of these metrics is to express, in
                  one
                  number, the quality of the forecast. Since each metric tells a slightly different
                  story,
                  taking several of these metrics together can add nuance to the analysis. Mean squared
                  error
                  (MSE), mean absolute percent error (MAPE), tracking signal, standard deviation, and
                  the WAIT
                  forecast accuracy metric are discussed next.

               
               

            
            
            
            
               
               
               Mean Squared Error
                  (MSE)

               
               
               
               
                  
                  
                  An alternative to MAD for calculating error rates
                     is the mean squared error (MSE). MSE magnifies the errors by squaring each one before
                     adding them and dividing by the number of forecast periods. Squaring errors effectively
                     makes them absolute, since multiplying two negative numbers always results in a positive
                     number. The formula for mean squared error is

                  
                  
                  
                  [image: ../images/mathml_id174DA0Q0V7Y.png]
                  
                  
                  
                  Note that the
                     process of squaring each error gives you a much wider range of numbers. (3.4 squared
                     is
                     11.56, while a 0.63 error rate squared would become 0.397.) The greater range gives
                     you a
                     more sensitive measure of the error rate, which is useful if the absolute error numbers
                     are relatively close together and the reduction of errors is important.

                  
                  
                  
                  Measuring the extent of deviation helps determine
                     the need to improve forecasting or rely on safety stock to meet customer service
                     objectives.

                  
                  

               
               

            
            
            
            
               
               
               Mean Absolute Percent Error
                  (MAPE)

               
               
               
               
                  
                  
                  A drawback of the MAD
                     and MSE calculations is that they are not meaningful unless you know what an expected
                     result should be based on the size of the forecast. The mean absolute percent error
                     (MAPE)
                     is useful as it shows the ratio, or percentage, of the absolute errors to the actual
                     demand for a given number of periods.

                  
                  
                  
                  The
                     formula for MAPE is

                  
                  
                  
                  [image: ../images/mathml_id174DA0X096Q.png]
                  
                  
                  
                  If MAPE is greater
                     than a certain percentage, additional review is required.

                  
                  

               
               

            
            
            
            
               
               
               Tracking
                  Signal

               
               
               
               
                  
                  
                  The ASCM Supply Chain Dictionary
                     defines tracking
                        signal as:

                  
                  
                  
                  
                     
                     
                        A measure used to evaluate whether the actual demand reflects the forecasting method's
                           assumptions about demand behavior. It is the ratio of the cumulative forecast errors
                           to the mean absolute deviation (MAD). See: forecast error.
                        

                     

                  
                  
                  
                  The tracking signal is a useful one-number way to track a forecast for relative amounts
                     of bias. It can alert forecasters that a variation has exceeded a preset limit or
                     multiple
                     of inherent randomness as expressed in the MAD.

                  
                  
                  
                  The tracking signal is the sum of the forecast deviations (not
                     absolute) divided by the MAD, as shown below:

                  
                  
                  
                  [image: ../images/mathml_id209BF0T02HS.png]
                  
                  
                  
                  Note that the algebraic sum of forecast deviations is
                     basically the cumulative deviation (also called the cumulative forecast error) and,
                     since
                     these are not absolute, they will have a plus or minus sign. This result would be
                     compared
                     to a threshold value (also called a trip value) that the organization sets in advance,
                     say
                     plus or minus 4. (Commonly used threshold values are 3.0 and 4.0 in either direction.)

                  
                  
                  
                  If this were the threshold and the tracking signal
                     was, for example, –2.83, then this method would be said to be working well enough
                     for this
                     period and the bias would not be considered to be significant enough to require
                     reevaluation of the method.

                  
                  
                  
                  If the tracking signal indicates an
                     error due to bias, the forecast should be corrected. Typically, the actual demand
                     for a
                     given forecast period should fall within plus or minus 3 around 98 percent of the
                     time.

                  
                  

               
               

            
            
            
            
               
               
               Standard
                  Deviation

               
               
               
               
                  
                  
                  It is not surprising that demand fluctuates from one period to the next.
                     The key is being able to forecast and plan for that fluctuation. One of the most widely
                     used
                     formulas to measure the relative level of variability in demand from the average is
                     standard
                     deviation. The ASCM Supply Chain Dictionary defines standard deviation 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. See: dispersion, estimate of error.
                        

                     

                  
                  
                  
                  The formula for
                     standard deviation is

                  
                  
                  
                  [image: ../images/mathml_id176G9050OXU.png]
                  
                  
                  
                  Standard deviation
                     measures the difference between period actual demand and average demand (specifically,
                     the
                     mean demand) during a forecast horizon (for example, 10 weeks). It is not a measure
                     of
                     forecast error and does not use forecast error as part of the calculations. Rather,
                     it is
                     a measure of how far results tend to deviate from the average result. Because it indicates
                     demand variability, assuming that standard deviation is distributed normally (i.e.,
                     on a
                     bell curve), it can be used to develop insights into calculating safety stock and
                     improving customer service and inventory management.

                  
                  
                  
                  However, the basic formula for standard deviation has
                     been adapted for use in measuring forecast error. This method is called root mean
                     squared
                     error (RMSE). This method substitutes forecast error for the average in the equation
                     above.
                     This method is not discussed further in this course.

                  
                  

               
               

            
            
            
            
               
               
               WAIT Forecast Accuracy Metric
                  for Demand Variation

               
               
               
               
                  
                  
                  Forecasts are generated as part
                     of demand planning. Given the number of error formulas that exist, much time and many
                     resources can be spent calculating and recalculating to generate the most accurate
                     forecast possible. The more processes and stock keeping units an organization has,
                     the
                     more complex the calculations become. Even if you group like items together, it can
                     be a
                     daunting task.

                  
                  
                  
                  Some organizations are
                     starting to ask whether it makes sense to spend so much time trying to assess and
                     improve
                     forecast accuracy. An alternative is to use an approach called “within allowable item
                     tolerances” (WAIT). WAIT is derived from what makes an incorrect forecast correct.
                     Organizations need to determine how much error creates a problem. If it is 10 percent,
                     then that is the delta. (In math terminology, delta means “change in,” and so it is
                     the
                     threshold that results in a significant change.) Each item is allowed a tolerance
                     of plus
                     or minus 10 percent. If it is within the tolerance, it is called a HIT; if it is outside
                     the tolerance, it is a MISS. Based on this, the formula for forecast accuracy
                     is

                  
                  
                  
                  [image: ../images/mathml_id176G90E0H4J.png]
                  
                  
                  
                  Organizations can
                     make a number of changes in different areas to improve the decision-making usefulness
                     of
                     forecasts that are not meeting their accuracy goals. The forecasts themselves should
                     be
                     checked to ensure that the inputs and processes are error-free. Better sources of
                     demand
                     information can be found, such as getting data directly from supply chain partners
                     through
                     electronic data interchange or the internet. A different type of forecasting or different
                     forecasting parameters can be experimented with, such as a different exponential smoothing
                     factor. A good way to test for improvement is to run a forecast using historical data
                     so
                     that the various forecasts can be immediately compared against the historical data
                     for the
                     period being “forecasted.” The most accurate method over time can be selected.

                  
                  
                  
                  It may also be necessary to make adjustments to
                     processes, tools, and product groupings to improve accuracy. The organization may
                     place
                     more weight on product family forecasts because risk pooling makes them more accurate
                     than
                     short-term forecasts. The organization could move toward a different manufacturing
                     environment or shift the push-pull boundary so that less forecasting is needed and
                     more
                     production is based on actual orders.

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Forecast Management

         
         
         
         
            
            
            Here we describe the forecast management process of ensuring that
               forecasts remain as useful as possible. Then the bullwhip effect is described, which
               is
               where a small variation in demand becomes more exaggerated at each upstream supply
               chain
               echelon. Ways to mitigate this effect are also addressed, including collaborating
               in general
               with internal and external stakeholders as well as using more formal external collaboration
               methods such as collaborative planning, forecasting, and replenishment (CPFR®).

            
            

         
         
         
         
         
            
            
            Reviewing and Revising the Forecast

            
            
            
            
               
               
               It is important to avoid falling into the trap of using the same
                  forecast methods across all products; this can lead to erratic and unreliable information.
                  The ASCM Supply Chain Dictionary defines forecast
                     management as:

               
               
               
               
                  
                  
                     The process of developing, checking, correcting, and using forecasts. It also includes
                        determination of the forecast horizon.
                     

                  

               
               
               
               One
                  method of forecast management, pioneered by Bernard Smith, is focus forecasting, which the ASCM Supply Chain
                     Dictionary defines as:

               
               
               
               
                  
                  
                     A system that allows the user to
                        simulate the effectiveness of numerous forecasting techniques, enabling selection
                        of
                        the most effective one.
                     

                  

               
               
               
               Forecast and error analysis can reveal when bias is
                  present and needs to be corrected as well as the impact this is having on production
                  schedules or inventory levels. Bias at a make-to-stock organization will result in
                  either
                  increasing or decreasing inventory levels. Analysis can show the differences between
                  exceptional events and changes in a trend, especially if good notes were kept as the
                  data
                  were being collected. When exceptional or one-time events affect the demand data,
                  the data
                  can be adjusted to be more in line with demand trends when preparing the next forecast.
                  Exceptional events might include a customer stockpiling product based on an anticipated
                  strike, customer plant shutdowns or equipment failures, or severe weather keeping
                  customers
                  at home. Outliers such as these need to be recorded in the forecast notes so they
                  can be
                  differentiated from potential changes in a trend.

               
               
               
               Changes in a trend may also initially appear to be
                  spikes or dips in the data; however, over time, the results will continue. Such changes
                  might be caused by the acquisition or loss of a major customer, entering a new market,
                  or a
                  shift in a product’s life cycle to a new phase. It is important to regularly ask whether
                  a
                  change is likely to be a new trend or an anomaly and to initiate any needed course
                  corrections.

               
               
               
               Contingency plans and safety stock can be used to
                  help mitigate some forecasting issues. Finding ways to use less forecasting can also
                  help.

               
               

            
            
            
            
               
               
               Contingency
                  Planning and Safety Stock

               
               
               
               
                  
                  
                  If there is an indication that a forecast has a high
                     likelihood of being inaccurate, an organization may choose to devise a contingency
                     plan to
                     handle extra demand. Part of the contingency plan may involve setting safety stock
                     to
                     buffer against variations in supply.

                  
                  
                  
                  Once you know
                     how likely it is for a forecast to be off by a particular number of units in the stockout
                     direction, you can calculate how many units to hold so that there will be no stockouts
                     a
                     certain percentage of the time. This percentage is called the customer service level.
                     The
                     cost of holding that much inventory can be calculated, and management can decide whether
                     the cost is worth the benefits. There are safety factor tables that precalculate various
                     customer service levels against mean absolute deviations. You would select a given
                     customer service level and then multiply the number of units by the safety factor
                     to
                     determine how many units of safety stock to hold.

                  
                  

               
               

            
            
            
            
               
               
               Moving
                  Toward Less Need for Forecasting

               
               
               
               
                  
                  
                  A
                     fundamental difference between lean and conventional manufacturing planning and control
                     is
                     between pulling materials through the system based on a demand signal and pushing
                     them
                     forward based on forecasts of demand. Some manufacturing environments need to forecast
                     less than others. For example, a make-to-stock environment relies on forecasting supply,
                     production, and distribution, while an assemble-to-order environment relies on forecasting
                     for supply and component production but from that point uses actual orders for assembly.
                     The point where push becomes pull is then wherever actual orders—rather than
                     forecasts—dictate activity. A basic premise of supply chain management is to move
                     this
                     point as far upstream as possible.

                  
                  
                  
                  The
                     reason organizations want to forecast less and rely on actual orders more is primarily
                     that forecasts are unreliable in comparison to actual orders; the reason most
                     organizations or supply chains cannot eliminate forecasting altogether is that the
                     required lead time, based on customer expectations, might be shorter than the lead
                     times
                     needed to order, receive, produce, and deliver. Supply-side solutions include finding
                     ways
                     to shorten lead time, developing manufacturing flexibility, or using methods that
                     rely
                     less on forecasts such as demand-driven material requirements planning (DDMRP).

                  
                  

               
               

            
            

         
         
         
         
            
            
            Supply Chain Dynamics: Bullwhip Effect

            
            
            
            
               
               
               It is important to understand the dynamics of the way demand flows through
                  the supply chain because it can affect the performance of both purchasers and suppliers.
                  Failing to communicate demand or promotion information and forecasting based only
                  on your
                  immediate customers’ orders can create a situation called the bullwhip effect, which
                  is a
                  major problem that supply chain management is intended to solve.

               
               
               
               The bullwhip effect is defined in the ASCM Supply Chain Dictionary as:

               
               
               
               
                  
                  
                     An extreme change in the supply position
                        upstream in a supply chain generated by a small change in demand downstream in the
                        supply chain. Inventory can quickly move from being backordered to being excess.
                        This is caused by the serial nature of communicating orders up the chain with the
                        inherent transportation delays of moving product down the chain. The bullwhip effect
                        can be
                        eliminated by synchronizing the supply chain.
                     

                  

               
               
               
               Exhibit 3-50 shows the bullwhip effect.

               
               
               
               
                  Exhibit 3-50: Bullwhip Effect[image: Illustration of the bullwhip effect showing customer orders as small fluctuations that grow into larger swings in order size moving upstream from retailer to distributor, manufacturer, and supplier.]
               
               
               
               
               A small flick of the handle of a bullwhip leads to
                  progressively taller waves of movement in the whip. In our case, the impact will ripple
                  through the supply chain echelons (tiers), and more variation will occur at each echelon.
                  When a retailer has some minor fluctuation in demand, it might order a little more
                  than the
                  average demand after a stockout or not order at all when there is a surplus. If these
                  orders
                  are all the distributor has to go on, and multiple retailers are creating a wider
                  shift
                  between minimum and maximum orders, then the distributor may also continue this trend
                  of
                  wide swings in orders. Sales promotions that are not communicated can exacerbate this
                  effect, because they can create a spike in demand that is not anticipated by the
                  manufacturers and their suppliers. This encourages an overall increase in inventory
                  and
                  results in very difficult production schedules for manufacturers. Any failures to
                  supply due
                  to lack of inventory or raw materials will also give customers an incentive to order
                  more
                  next time for safety stock. An example of this effect was triggered through increased
                  demand
                  for cleaning supplies and personal protective equipment at the start of the COVID-19
                  pandemic in the United States, Europe, and elsewhere. A sudden, massive surge in demand
                  resulted in stockouts at the retail levels, which triggered orders of increasing size
                  up the
                  supply chain.

               
               
               
               To further illustrate the bullwhip effect, let’s
                  follow an example that involves an infant crib manufacturer. Supplier 1 produces mattresses
                  for the cribs, supplier 2 produces mattress covers, and supplier 3 produces a plastic
                  liner
                  that is inserted in each cover. The manufacturer and suppliers aim at holding no excess
                  inventory and adjust production to meet downstream demand. In other words, the manufacturer
                  produces to meet the retailer’s estimate of demand, supplier 1 estimates inventory
                  needed by
                  the manufacturer’s demand, supplier 2 by supplier 1’s demand, and supplier 3 by supplier
                  2’s
                  demand. Exhibit 3-51 shows the bullwhip
                  effect in this supply chain over time. Production (Prod.) and beginning/ending levels
                  of
                  stock (B/E) are shown for each tier in the supply chain.

               
               
               
               
                  Exhibit 3-51: Example of Bullwhip Effect
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               When our story starts in period 1, the retailer
                  orders 1,000 cribs, based on forecast demand. The manufacturer fills this order with
                  its
                  starting inventory and puts another 1,000 cribs into production so that ending inventory
                  will be 1,000 cribs, enough to satisfy forecast demand for period 2. For production,
                  the
                  manufacturer orders 1,000 mattresses from supplier 1. To produce its own replacement
                  inventory, supplier 1 orders 1,000 mattress covers from supplier 2, who in turn orders
                  1,000
                  plastic liners from supplier 3.

               
               
               
               At the end of period 1, however, the retailer sees
                  that it has overestimated demand by 50 cribs. So it decreases its order to the manufacturer
                  from 1,000 to 950 cribs. Now we start to see the beginning of the bullwhip effect.

               
               
               
               In period 2, supplier 1 will have excess inventory
                  and will decrease production to meet the new demand. Supplier 2 has an even larger
                  amount of
                  excess inventory since supplier 1 needed only 800 of the covers supplier 2 had produced.
                  Supplier 3 receives an order for 600 plastic liners (instead of the anticipated 1,000).
                  It
                  now has to cut its production to 200 units.

               
               
               
               In period 3, there is a good likelihood that
                  suppliers 2 and 3 will not be able to meet the downstream demand. There will be delays
                  in
                  deliveries.

               
               
               
               In period 4, the suppliers have adjusted their
                  production to the apparently increased demand. Suppliers 2 and 3 now have excess
                  inventory.

               
               
               
               It will take another period or so before the
                  fluctuation dies down. In reality, the story will be more complicated. The suppliers
                  may not
                  be able to respond flexibly to increases or decreases; they may have to adhere to
                  batch
                  sizes. They may not be able to secure the same rates and schedule for transporting
                  shipments
                  of different sizes, and that may affect shipment sizes and delivery times.

               
               

            
            
            
            
               
               
               Causes of the Bullwhip
                  Effect

               
               
               
               
                  
                  
                  Causes of the bullwhip effect
                     include but are not limited to the following:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        
                           
                              Demand forecast updating and orders rather than demand.
                              
                           Each
                              echelon in the supply chain forecasts its production independently,
                              using downstream orders as a signal. Forecasting techniques that
                              rely on immediate downstream partner orders rather than end customer
                              demand tend to cause fluctuation in order amounts greater than that
                              in the original demand amounts. Order amounts can vary for many
                              reasons, such as when there is excess inventory to draw down. The
                              ultimate demand may not vary by nearly as much.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              Order batching.
                              
                           Because
                              of the expenses of ordering and transporting inventory or because of
                              the way material requirements planning systems perform, customers
                              place orders at intervals, and orders from multiple customers often
                              coincide. This has the effect of generalizing an increase in demand
                              at one point of sale at one point in time.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              Price fluctuation.
                              
                           Forward
                              buying (purchasing now to meet future demand because of promotional
                              pricing) separates the actual rate of product use from the rate of
                              its purchase, which distorts the image of demand.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              Rationing and gaming.
                              
                           When
                              sellers ration customers to amounts, customers, fearful of not
                              meeting their own customers’ orders, tend to order more than they
                              may need or order from multiple suppliers. When they end up with too
                              much inventory, they cancel orders, and suppliers are left with
                              excess inventory.
                           

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Mitigating
                  the Bullwhip Effect

               
               
               
               
                  
                  
                  Attempts to mitigate
                     the bullwhip effect aim at different parts of the problem:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Improved forecasts
                           based on point-of-sale data—in other words, better coordination of forecasting by
                           all
                           suppliers who are looking at the same raw demand data. Electronic data interchange
                           (EDI) and internet connectivity support the direct sharing of actual customer demand
                           by supply chain partners.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Breaking up order
                           batching by placing smaller orders more frequently. Ordering costs can be lowered
                           by
                           using electronic systems. Transportation costs can be controlled by working with
                           customers to create full truckloads of mixed products.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Getting agreement between
                           supply chain partners to share information on planned promotions as well as their
                           actual results.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Using methodologies that
                           reduce reliance on forecasting in the operational phase, such as by implementing
                           demand-driven material requirements planning.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Stabilizing demand by
                           decreasing the use of promotions.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Eliminating gaming by
                           allocating supplies to customers based on their historical demand or working closely
                           with customers to align production with their anticipated inventory needs (e.g.,
                           seasonal inventory).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Restricting the ability
                           of customers to return unsold product.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Allowing vendor-managed
                           inventory (VMI), which effectively removes one echelon (the retailer) from the chain,
                           thus eliminating one of the waves in the bullwhip effect. VMI is discussed more
                           elsewhere.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Improving supplier
                           relationships and formalizing communications to suppliers of promotions, discounts,
                           inventory levels, and actual demand (rather than just orders). This can be formalized
                           by using collaboration methodologies such as collaborative planning, forecasting,
                           and
                           replenishment.

                        
                        

                     
                     

                  
                  
                  

               
               

            
            

         
         
         
         
            
            
            Internal and External Collaboration on Forecast
               Accuracy

            
            
            
            
               
               
               From a demand management perspective,
                  collaborating to improve forecast accuracy may involve gaining trust to get better
                  data, determining the best forecasting methods collectively, building consensus not
                  only internally but also with supply chain partners, and more. When closely
                  collaborating internally with product line management and sales and externally with
                  upstream suppliers and downstream customers, all upstream partners may be able to
                  forecast less by getting end customer demand information directly and immediately.
                  If forecasting is still needed due to lead time constraints, using more accurate and
                  more recent demand data will still improve forecasts. 

               
               
               
               A key benefit of communicating demand rather than just orders is
                  that you can see why the orders are what they are (e.g., to stockpile in advance of
                  a plant shutdown versus a trend of higher sales), and this helps eliminate the
                  bullwhip effect where variability in orders (both high and low) is magnified at each
                  upstream supply chain node.

               
               
               
               Here are some examples of how stakeholders can collaborate to improve forecast
                  accuracy (other stakeholders such as finance also contribute, as was discussed as
                  part of S&OP).

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Product line management:
                           
                        Operations
                           professionals can share product life cycle information including
                           end-of-life timing, plus information on capacity and/or inventory
                           levels, and order flexibility.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Sales and marketing:
                           
                        Demand side
                           professionals can share customer and market insight, promotional plans,
                           and information on competitor actions.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Customers:
                           
                        Downstream
                           intermediate customers can share demand signals, consumption data,
                           point-of-sale (POS) data, plans to increase safety stocks, and
                           information on planned orders.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Suppliers:
                           
                        Upstream
                           suppliers can share information on their capacity, raw material and
                           component availability, and their degree of order flexibility.
                        

                     
                     

                  
                  

               
               
               
               Sharing point-of-sale (POS) data upstream has significant benefits if the data is
                  formatted in a way that it can be shared and combined automatically (rather than
                  needing manual workarounds):

               
               
               
               
                  
                  
                  	
                     
                     
                     Get rapid feedback on short-term demand changes in either direction

                     
                     

                  
                  
                  
                  	
                     
                     
                     Identify trends at the SKU level or specific retail or other location node
                        information

                     
                     

                  
                  
                  
                  	
                     
                     
                     Reroute orders dynamically or transfer inventory from areas with surplus to
                        areas with shortages

                     
                     

                  
                  
                  
                  	
                     
                     
                     Determine slow-moving and fast-moving inventory by region or echelon.

                     
                     

                  
                  

               
               
               
               Supply chain participants might even engage in collaborative
                  planning and forecasting to formalize the process and automate data sharing directly
                  into their planning and control systems. 

               
               

            
            

         
         
         
         
            
            
            Collaborative Planning, Forecasting, and
               Replenishment (CPFR®)

            
            
            
            
               
               
               Balancing supply and demand is a challenge every business faces.
                  One of the ways to formally integrate the components of demand management among supply
                  chain
                  partners is collaborative planning, forecasting, and replenishment (CPFR), defined in the ASCM Supply
                     Chain Dictionary as:

               
               
               
               
                  
                  
                     A collaboration process in which supply chain trading partners jointly develop plans
                        for demand management and demand fulfillment activities to establish a shared vision
                        of how products will be promoted and sold over the planning horizon. The trading partners
                        share demand forecasts and replenishment plans iteratively until they agree to a consensus
                        forecast, which they use to develop production and shipment plans designed to support
                        the collaborative demand forecast. See: collaborative planning.
                     

                  

               
               
               
               Based on the idea that both suppliers and retailers
                  are responsible for the success of the supply chain, CPFR is a set of best practices,
                  process and organizational standards, and technology requirements. The concept started
                  in
                  the early 1990s, when key players in the consumer packaged goods industry, including
                  manufacturers and retailers, began to collaborate to take cost and time out of the
                  supply
                  chain. In 1996, CPFR was formally introduced as a retail industry initiative by Walmart
                  and
                  one of its suppliers, Warner-Lambert (now Pfizer).

               
               
               
               CPFR provides guidelines for how retailers and
                  suppliers should work together in order to realize the benefits of collaboration.
                  It begins
                  with the creation of a collaborative forecast. The joint forecast takes into consideration
                  significant events such as promotions, inventory policy changes, store openings and
                  closings, and product introductions. From there, each partner optimizes its internal
                  activities to support the forecast.

               
               
               
               As seen in Exhibit 3-52, there are four levels of
                  collaboration. The model sets guidelines for collaboration tasks at all four levels
                  of the
                  partnering enterprise.

               
               
               
               
                  Exhibit 3-52: CPFR Model
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               By using the CPFR model, organizations can
                  significantly enhance communications with suppliers and customers to better forecast
                  product
                  demand.

               
               
               
               The CPFR planning cycle basically involves reviewing
                  and analyzing past plans and cycle performance, working collaboratively with partners
                  to
                  plan forecasts and resolve conflicts for future cycles, reviewing plans with regard
                  to
                  expected demand, and then committing to the supply plan and order forecast, including
                  making
                  agreements on how exceptions will be addressed when they occur. As described by the
                  GS-1 US,
                  CPFR is a nine-step process:

               
               
               
               
                  
                  
                  	
                     
                     
                     Developing a
                        collaboration agreement

                     
                     

                  
                  
                  
                  	
                     
                     
                     Creating a joint
                        business plan

                     
                     

                  
                  
                  
                  	
                     
                     
                     Creating a sales
                        forecast

                     
                     

                  
                  
                  
                  	
                     
                     
                     Identifying exceptions
                        for the sales forecast

                     
                     

                  
                  
                  
                  	
                     
                     
                     Resolving/collaborating
                        on exception items

                     
                     

                  
                  
                  
                  	
                     
                     
                     Creating an order
                        forecast

                     
                     

                  
                  
                  
                  	
                     
                     
                     Identifying exceptions
                        for the order forecast

                     
                     

                  
                  
                  
                  	
                     
                     
                     Resolving/collaborating
                        on exception items

                     
                     

                  
                  
                  
                  	
                     
                     
                     Generating
                        orders

                     
                     

                  
                  

               
               
               
               The nine steps can be grouped into two categories:
                  individual business strategic changes and day-to-day activity.

               
               
               
               
                  
                  
                  	
                     
                     
                     Individual business strategic changes. Steps 1 and
                        2—developing a collaboration agreement and creating a joint business plan—are often
                        the
                        most time-consuming, and they involve strategy and planning. For many organizations,
                        this requires a change in how they do business with suppliers. This culture shift
                        to a
                        more collaborative relationship could take months and requires support from the top
                        down
                        to be successful. Most organizations do not begin with the level of transparency needed
                        in order to share the sensitive information required to be successful. The organization
                        needs to decide not only what information will be shared but also how it will be shared.
                        Technology can be a hurdle when beginning this process. If these hurdles can be
                        addressed, then both organizations can benefit from better forecasting and demand
                        management.

                     
                     
                     
                     The success of both
                        organizations in executing steps 1 and 2 are essential in creating the collaboration
                        needed to execute steps 3 through 9.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Day-to-day activity. Steps 3 through 9 include
                        day-to-day forecasting and tracking activities. The success or failure of these
                        activities depends on regular communication, organized as part of a regular cycle
                        of
                        conference calls and meetings.

                     
                     
                     
                     An example
                        can be seen at Motorola, which used CPFR to align its mobile device division and retail
                        distribution centers. A meeting was scheduled once a week throughout the month,
                        involving all the appropriate parties. Each week the focus of the meeting shifted
                        to a
                        different objective, including

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Operations review—to
                              discuss the last month’s performance

                           
                           

                        
                        
                        
                        	
                           
                           
                           Forecasting—to
                              develop the collaborative forecasts

                           
                           

                        
                        
                        
                        	
                           
                           
                           Process
                              improvement—to examine issues from operations review and assign actions

                           
                           

                        
                        
                        
                        	
                           
                           
                           Financial
                              implications—to assess financial implications on period-end goals.

                           
                           

                        
                        

                     
                     
                     
                     Motorola realized dramatic improvements in
                        forecast accuracy and a 30 percent decrease in inventory for retailers, and
                        transportation costs were cut in half. In the end, they were keeping less inventory
                        at
                        distribution centers because there was less need for safety stock. The stockout rate
                        was
                        also reduced by one–third.

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Implementing CPFR

               
               
               
               
                  
                  
                  CPFR is seen as a
                     strategic initiative that can be used with trading partners to an advantage in the
                     marketplace. Successful implementation requires commitment and true collaboration.

                  
                  
                  
                  For example, Kimberly-Clark was looking to
                     improve inventory positioning at retail stores and wholesale distribution centers,
                     and
                     Rite-Aid was looking to strike a balance between maximizing sales opportunities and
                     maintaining supply chain costs. As a result of the implementation of CPFR, they were
                     able
                     to

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Reduce inbound and
                           outbound costs

                        
                        

                     
                     
                     
                     	
                        
                        
                        Improve joint business
                           planning and sales forecasting

                        
                        

                     
                     
                     
                     	
                        
                        
                        Reduce inventory
                           levels

                        
                        

                     
                     
                     
                     	
                        
                        
                        Improve their ability
                           to anticipate demand and recognize trends.

                        
                        

                     
                     

                  
                  
                  
                  Returning to the Warner-Lambert and Walmart
                     example, Walmart’s promotions created huge swings in consumer demand. Warner-Lambert
                     was
                     keeping huge amounts of inventory as a hedge against these swings and was concerned
                     about
                     running out of stock. Through CPFR, the two organizations were able to combine demand
                     forecasts and align market demand. Benefits gained by the two companies included

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Improved reaction
                           times to consumer demand

                        
                        

                     
                     
                     
                     	
                        
                        
                        Higher precision of
                           sales forecasts

                        
                        

                     
                     
                     
                     	
                        
                        
                        Direct line of
                           communication

                        
                        

                     
                     
                     
                     	
                        
                        
                        Inventory
                           reduction

                        
                        

                     
                     
                     
                     	
                        
                        
                        Reduced
                           costs.

                        
                        

                     
                     

                  
                  
                  
                  As with any process change, an organization
                     may encounter some challenges in implementing CPFR. We’ve detailed some of the advantages
                     and challenges in Exhibit 3-53.

                  
                  
                  
                  
                     Exhibit 3-53: CPFR Advantages and Challenges
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                                             Reduced
                                                supply chain costs

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Supply chain
                                                integration across organizational boundaries

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Forecast
                                                accuracy

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Improved
                                                customer service levels

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Increased
                                                sales revenue

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Must be
                                                perceived as a win-win for both organizations

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Discontinuation of business practices that may be seen as
                                                successful

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Cost requirement to establish
                                                and maintain the relationship

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Organizational change required to support and enable the process

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Educating the
                                                team on the CPFR process

                                             
                                             

                                          
                                          

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                  
                  

               
               

            
            

         
         
   
      
         
         
         Long Description Appendix

         
         
            
            This appendix provides more detailed descriptions for some of the images found in
               the text. Return to the image location in the text by clicking the link at the end
               of each description.

            
            
            
               
               Exhibit 3-1: Manufacturing Planning and Control
[image: This diagram represents the integration of demand-side activities, strategic and business planning, priority planning, supply-side activities, and production activity control in a manufacturing environment. Go to long description for more details.]
                  
                  
                  The flowchart includes:

                  
                  
                  
                  
                     
                     	
                        
                        Demand-Side Activities: Forecasting, Demand Management, and
                           Distribution Requirements Planning (DRP)

                        

                     
                     
                     	
                        
                        Strategic and Business Planning

                        

                     
                     
                     	
                        
                        Priority Planning: Sales and Operations Planning (S&OP) -
                           Production Plan; Master Scheduling (MS) - Master Production Schedule
                           (MPS); Material Requirements Planning (MRP) - Materials Requirements
                           Plan

                        

                     
                     
                     	
                        
                        Supply-Side Activities: Capacity Planning includes Resource
                           Planning (RP), Rough-Cut Capacity Planning (RCCP), and Capacity
                           Requirements Planning (CRP)

                        

                     
                     
                     	
                        
                        Purchasing

                        

                     
                     
                     	
                        
                        Production Activity Control (PAC): Scheduling, Implementation,
                           and Capacity Control

                        

                     

                  
                  
                  
                  The flow of information between these sections is depicted by arrows, showing
                     how data moves from one planning stage to another, ensuring synchronization
                     across the entire manufacturing process. The chart captures the complexity
                     and interconnectedness of manufacturing planning activities, emphasizing the
                     need for coordinated efforts across various functions to meet production
                     goals effectively.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 3-25: Grouping Dissimilar Segments Can Hide Issues
[image: A table labeled “Grouping Dissimilar Segments Can Hide Issues.” Go to long description for more details.]
                  
                  
                  The table shows monthly demand data for two major
                     market segments, A and B, over a 12-month period. Segment A represents
                     large retailers that order in large lots twice a year, while Segment B
                     consists of small businesses (building contractors) that order monthly.
                     The table includes columns for each month (1 to 12) and a total (SUM)
                     column. Segment A has large orders of 6,000 units in months 3 and 9,
                     totaling 12,000 units. Segment B has varying monthly demand values
                     summing to 3,878 units. The table also includes average monthly demand
                     values for Segment B (B avg.) at 323 units and combined averages for
                     Segments A and B (A+B avg.) at 1,323 units per month.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 3-23: Demand Patterns Over Time
[image: A graph illustrating demand over time with various components of demand. Go to long description for more details.]
                  
                  
                  The y-axis represents Demand. The x-axis represents Time,
                     marked from Year 1 to Year 4.

                  
                  
                  
                     
                     	
                        
                        
                        A wavy orange line represents the “Actual demand line,” showing
                           fluctuating demand over the years.

                        
                        

                     
                     
                     	
                        
                        
                        A straight brown line represents the “Trend component,” showing a
                           general upward trend in demand.

                        
                        

                     
                     
                     	
                        
                        
                        A horizontal gray line represents the “Average demand over four
                           years.”

                        
                        

                     
                     
                     	
                        
                        
                        Black arrows point to peaks in the actual demand line, labeled as
                           “Seasonal peaks.”

                        
                        

                     
                     
                     	
                        
                        
                        In between seasonal peaks, the area between the actual demand
                           line and the trend component is labeled “Random variation.”

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 3-24: Stable Versus Dynamic Demand
[image: The image consists of two graphs illustrating stable and dynamic demand patterns over time. Read long description below.]
                  
                  
                  Graph 1 (Top): Stable Demand

                  
                  
                  
                  
                     
                     	
                        
                        The y-axis represents demand, and the x-axis represents years.

                        

                     
                     
                     	
                        
                        A wavy brown line shows the “Stable Demand” fluctuating slightly
                           around a steady orange “Average demand” line.

                        

                     
                     
                     	
                        
                        Two parallel dashed gray lines above and below the average demand
                           line indicate the upper and lower bounds of the demand
                           variations.

                        

                     

                  
                  
                  
                  Graph 2 (Bottom): Dynamic Demand

                  
                  
                  
                  
                     
                     	
                        
                        The y-axis represents demand, and the x-axis represents years.

                        

                     
                     
                     	
                        
                        A wavy brown line shows the “Dynamic Demand” fluctuating more widely
                           around a steady orange “Average demand” line.

                        

                     
                     
                     	
                        
                        Two parallel dashed gray lines above and below the average demand
                           line indicate the upper and lower bounds of the demand variations,
                           which are wider compared to the stable demand graph.

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 3-22: Forecast Framework and Feedback
[image: The image is a graph depicting different forecasting processes and their characteristics. Read long description below.]
                  
                  
                  The y-axis represents “Forecast frequency,” ranging from
                     Ongoing to Annual, and “Management,” and “Processing costs,” both ranging
                     from low to high. The x-axis represents “Forecast length,” ranging from days
                     to years, and “Level of aggregation,” ranging from individual
                     goods/components to total sales. Three points are plotted on the graph, each
                     corresponding to a different forecasting process:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Master Production Scheduling & Control (plotted in light
                           orange) is characterized by:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Low forecast frequency (ongoing)

                              
                              

                           
                           
                           	
                              
                              
                              Low management involvement, risk, and investment

                              
                              

                           
                           
                           	
                              
                              
                              Low processing costs

                              
                              

                           
                           
                           	
                              
                              
                              Short forecast length (days)

                              
                              

                           
                           
                           	
                              
                              
                              Focus on individual goods/components

                              
                              

                           
                           
                           	
                              
                              
                              Uses forecasting techniques such as moving averages and
                                 exponential smoothing.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        S&OP (Sales & Operations Planning) (plotted in orange)
                           is characterized by:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Medium forecast frequency (monthly)

                              
                              

                           
                           
                           	
                              
                              
                              Medium management involvement, risk, and investment

                              
                              

                           
                           
                           	
                              
                              
                              Medium processing costs

                              
                              

                           
                           
                           	
                              
                              
                              Medium forecast length (months)

                              
                              

                           
                           
                           	
                              
                              
                              Focus on product family units

                              
                              

                           
                           
                           	
                              
                              
                              Uses forecasting techniques such as aggregation of detailed
                                 forecasts, customer plans, and regression.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Strategic Planning (plotted in dark orange) is characterized
                           by:

                        
                        
                        
                        
                           
                           	
                              
                              
                              High forecast frequency (annual)

                              
                              

                           
                           
                           	
                              
                              
                              High management involvement, risk, and investment

                              
                              

                           
                           
                           	
                              
                              
                              High processing costs

                              
                              

                           
                           
                           	
                              
                              
                              Long forecast length (years)

                              
                              

                           
                           
                           	
                              
                              
                              Focus on total sales

                              
                              

                           
                           
                           	
                              
                              
                              Uses forecasting techniques such as management judgment,
                                 economic growth models, and regression.

                              
                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 3-27: Two Variable Selection Criteria
[image: A 2x2 matrix chart categorizing forecasting techniques based on data completeness and data stability. Go to long description for more details.]
                  
                  
                  The matrix is divided into four quadrants by horizontal and vertical lines
                     intersecting at the center, creating four sections:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Top Left Quadrant (Unstable and Complete)

                        
                        
                        
                        
                           
                           	
                              
                              Techniques:

                              
                              
                              
                                 
                                 	
                                    
                                    None

                                    

                                 

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Top Right Quadrant (Stable and Complete)

                        
                        
                        
                        
                           
                           	
                              
                              Techniques:

                              
                              
                              
                                 
                                 	
                                    
                                    Econometric

                                    

                                 
                                 
                                 	
                                    
                                    Multiple regression

                                    

                                 
                                 
                                 	
                                    
                                    Simple regression

                                    

                                 

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Bottom Left Quadrant (Unstable and Incomplete)

                        
                        
                        
                        
                           
                           	
                              
                              Techniques:

                              
                              
                              
                                 
                                 	
                                    
                                    Historical analogy

                                    

                                 
                                 
                                 	
                                    
                                    Delphi method

                                    

                                 
                                 
                                 	
                                    
                                    Judgment/expert opinion

                                    

                                 
                                 
                                 	
                                    
                                    Simple moving average

                                    

                                 

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Bottom Right Quadrant (Stable and Incomplete)

                        
                        
                        
                        
                           
                           	
                              
                              Techniques:

                              
                              
                              
                                 
                                 	
                                    
                                    Naive

                                    

                                 
                                 
                                 	
                                    
                                    Simple moving average

                                    

                                 
                                 
                                 	
                                    
                                    Time series decomposition

                                    

                                 
                                 
                                 	
                                    
                                    Exponential smoothing

                                    

                                 
                                 
                                 	
                                    
                                    Weighted moving average

                                    

                                 

                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 3-44: Cumulative Forecast and Actual Demand
[image: This table compares actual demand with various forecast methods over six quarters, showing cumulative values and biases. Read long description below.]
                  
                  
                  The “Actuals” section lists the actual demand for each quarter and
                     its cumulative total, reaching 5,509 units. The “Forecast” section provides cumulative
                     forecast values using different methods: 3-Quarter Moving Average, 6-Quarter Moving
                     Average, Exponential Smoothing with α=0.3, and Exponential Smoothing with α=0.1. The
                     table also calculates the cumulative biases for each forecasting method, indicating
                     the
                     difference between actual cumulative demand and forecasted cumulative demand.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 3-45: Bias versus Random Variation
[image: This table compares the actual demand with forecasted values over six months, illustrating the bias and random variation in the forecasts. Go to long description for more details.]
                  
                  
                  The “Bias” section shows the actual and forecasted demand for each
                     month, along with the deviation between them. The cumulative bias over six months
                     totals 80 units. The “Random Variation” section presents another set of actual and
                     forecasted values, emphasizing the deviations between these figures, which
                     cumulatively sum to zero. The intent of the table is to highlight discrepancies in
                     forecasting accuracy through bias and random variation metrics.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 3-46: Forecast Deviation
[image: A table labeled “Forecast Deviation.” Read long description below.]
                  
                  
                  This table provides a comparison between actual demand and
                     forecasted demand using different forecasting methods, including 3-quarter moving
                     average, 6-quarter moving average, and exponential smoothing with smoothing constants
                     of
                     0.3 and 0.1. It lists actual demand for six quarters and calculates the deviations
                     between actual and forecasted demand for each method. The cumulative deviations (SUM)
                     are also provided for each method, highlighting the accuracy and bias of each
                     forecasting approach.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 3-47: Forecast Error
[image: A table labeled “Forecast Error.” Read long description below.]
                  
                  
                  This table presents a comparison of actual demand versus forecasted
                     demand across six quarters using different forecasting methods: 3-quarter moving
                     average, 6-quarter moving average, and exponential smoothing with smoothing constants
                     of
                     0.3 and 0.1. The table is organized into three sections: actual demand, forecasted
                     demand, and error. For each quarter, actual demand is listed alongside the corresponding
                     forecasts from each method. The error section displays the difference between the
                     actual
                     demand and each forecast. The sum of errors for each forecasting method is provided
                     at
                     the bottom, indicating the overall accuracy of each method.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 3-48: Mean Absolute Deviation
[image: A table labeled “Mean Absolute Deviation.” Go to long description for more details.]
                  
                  
                  This table compares actual demand to forecasted demand using three
                     different methods: 3-quarter moving average, 6-quarter moving average, and exponential
                     smoothing with smoothing constants of 0.3 and 0.1. It is divided into three sections:
                     actuals, forecasts, and errors. The actual demand is listed for each quarter from
                     Y2-Q3
                     to Y3-Q4. Forecasts generated by each method for these quarters are also provided.
                     The
                     error section shows the deviation between actual demand and each forecast. The
                     cumulative sum of errors for each method is presented at the bottom, along with the
                     Mean
                     Absolute Deviation (MAD) for each forecasting method, which measures the average
                     magnitude of forecast errors.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 3-29: Roll-Up Forecast
[image: Forecasting pyramid showing individual product forecasts rolling up to product family forecasts and a total business forecast, with dollars, units, and unit costs for A1, A2, B1, and B2. Go to long description for details.]
                  
                  
                  The diagram is a triangular hierarchy representing how forecasts aggregate
                     from individual products to product families and then to the total
                     business.

                  
                  
                  
                  Bottom level: Individual product forecasts

                  
                  
                  
                   Four products are shown:

                  
                  
                  
                  
                     
                     	
                        
                        
                        A1: $400 and 40 units

                        
                        

                     
                     
                     	
                        
                        
                        A2: $400 and 20 units

                        
                        

                     
                     
                     	
                        
                        
                        B1: $400 and 20 units

                        
                        

                     
                     
                     	
                        
                        
                        B2: $200 and 20 units

                        
                        

                     

                  
                  
                  
                  Unit costs are listed below the pyramid:

                  
                  
                  
                  
                     
                     	
                        
                        
                        A1: $10

                        
                        

                     
                     
                     	
                        
                        
                        A2: $20

                        
                        

                     
                     
                     	
                        
                        
                        B1: $20

                        
                        

                     
                     
                     	
                        
                        
                        B2: $10

                        
                        

                     

                  
                  
                  
                  Middle level: Product family forecasts

                  
                  
                  
                   Two families:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Family A: $800 and 60 units (sum of A1 and A2)

                        
                        

                     
                     
                     	
                        
                        
                        Family B: $600 and 40 units (sum of B1 and B2)

                        
                        

                     

                  
                  
                  
                  Top level: Business forecast

                  
                  
                  
                  
                     
                     	
                        
                        
                        Total: $1,960 and 1,400 units (aggregate of all families and
                           products)

                        
                        

                     

                  
                  
                  
                  Arrows on the left illustrate a roll-up forecast from individual
                     products to families to the business total.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 3-32: Answer Key for Activity
[image: Forecasting pyramid showing product forecasts rolling up to family A and B totals and a management forecast of $1,500 and 1,250 units, with a 1.2 comparison ratio and unit costs for A1, A2, B1, and B2. Go to long description for details.]
                  
                  
                  The diagram is a triangular forecasting hierarchy with three levels:
                     individual products at the base, product families in the middle, and the
                     total management forecast at the top. Arrows illustrate how detailed
                     forecasts roll up into aggregate forecasts.

                  
                  
                  
                  Top level — Management forecast:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Dollars: $1,500

                        
                        

                     
                     
                     	
                        
                        
                        Units: 1,250

                        
                        
                        
                         A calculation to the right shows

                        
                        
                        
                        Management forecast ÷ Roll-up forecast = $1,500 ÷ $1,250 =
                              1.2, indicating the adjustment factor between the two.

                        
                        

                     

                  
                  
                  
                  Middle level — Product family forecasts:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Family A: $960 and 120 units

                        
                        

                     
                     
                     	
                        
                        
                        Family B: $540 and 54 units

                        
                        

                     

                  
                  
                  
                  Bottom level — Individual product forecasts:

                  
                  
                  
                   Four products contribute to the family totals:

                  
                  
                  
                  
                     
                     	
                        
                        
                        A1: $288 and 24 units

                        
                        

                     
                     
                     	
                        
                        
                        A2: $672 and 96 units

                        
                        

                     
                     
                     	
                        
                        
                        B1: $360 and 18 units

                        
                        

                     
                     
                     	
                        
                        
                        B2: $180 and 36 units

                        
                        

                     

                  
                  
                  
                  Unit costs (shown below the pyramid):

                  
                  
                  
                  
                     
                     	
                        
                        
                        A1: $12

                        
                        

                     
                     
                     	
                        
                        
                        A2: $7

                        
                        

                     
                     
                     	
                        
                        
                        B1: $20

                        
                        

                     
                     
                     	
                        
                        
                        B2: $5

                        
                        

                     

                  
                  
                  
                  The arrows on the right show the roll-up from individual products to families
                     and up to the total forecast, while the calculation demonstrates how
                     management’s target differs from the summed forecast.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 3-41: Time-Series Decomposition
[image: A scatter plot chart showing individual data points with an orange trend line indicating the general trend over time. Read long description below.]
                  
                  
                  This scatter plot visualizes data points across different quarters with a trend line
                     highlighting the overall trend.

                  
                  
                  
                  
                     
                     	
                        
                        
                        X-axis (Time): Labeled with quarters from Q1, Y1 to Q4, Y2.

                        
                        

                     
                     
                     	
                        
                        
                        Y-axis (Amount): Ranges from 0 to 800.

                        
                        

                     
                     
                     	
                        
                        
                        Data Points: Represented as brown diamonds.

                        
                        
                        
                        
                           
                           	
                              
                              
                              Specific data points are labeled, such as 161 at Q1, Y1 and 561 at Q4, Y2.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Trend Line: An orange line indicating the overall increasing trend over
                           time.

                        
                        

                     

                  
                  
                  
                  This chart helps in understanding how the data points are distributed over time and
                     the
                     general trend indicated by the trend line.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 3-40: Exponential Smoothing with 0.3 and 0.1 Alpha
[image: Table with seasonal indices, actual and deseasonalized demand for 12 quarters, plus exponential smoothing forecasts (0.3 and 0.1). Y4-Q1 forecasts are 1,347 and 1,389. Go to long description for details.]
                  
                  
                  The table provides a detailed look at demand forecasting using exponential smoothing
                     with smoothing constants (alpha values) of 0.3 and 0.1. The columns include:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Seasonal Index: Indicates the seasonal adjustment factor for each
                           quarter.

                        
                        

                     
                     
                     	
                        
                        
                        Quarter: Lists quarters in the format Y1-Q1 through Y3-Q4, with a final row
                           for Y4-Q1.

                        
                        

                     
                     
                     	
                        
                        
                        Actual Demand: Shows observed demand values for each quarter.

                        
                        

                     
                     
                     	
                        
                        
                        Deseasonalized Demand: Represents demand values adjusted for seasonality by
                           dividing actual demand by the seasonal index.

                        
                        

                     
                     
                     	
                        
                        
                        Deseasonalized Forecast: Provides forecasted values based on exponential
                           smoothing using alpha values of 0.3 and 0.1. These columns represent smoothed
                           estimates without seasonal effects.

                        
                        

                     
                     
                     	
                        
                        
                        Forecast: Shows the final forecasted demand for each quarter, recalculated
                           by reintroducing the seasonal index to the deseasonalized forecast.

                        
                        

                     

                  
                  
                  
                  Each row represents data for a specific quarter. For example, in Y1-Q1, the actual
                     demand was 1,422, which, when adjusted by the seasonal index of 1.387, gives a
                     deseasonalized demand of 1,025. The forecasted demand for the next quarter (Y1-Q2)
                     is
                     recalculated using both exponential smoothing techniques, with final values displayed
                     in
                     the last two columns. The table provides a comprehensive forecast up to Y4-Q1, using
                     both alpha values, highlighting the effects of the smoothing constant on forecast
                     accuracy.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 3-34: Simple Regression Slope and Intercept with Correlation
[image: Scatterplot of roofing sales vs. housing starts with a regression line showing the intercept near USD 600,000 and a positive slope indicating increasing sales with more housing starts. Go to long description for details.]
                  
                  
                  The image is a scatterplot comparing roofing sales (vertical axis, in USD) with
                     housing starts (horizontal axis). Blue dots represent observed data points,
                     clustered mostly between 80 and 150 housing starts and between USD 1 million and USD
                     1.6
                     million in sales.

                  
                  
                  
                  A regression line slopes upward from left to right, showing a positive linear
                     relationship. Two key parts of the regression line are labeled:

                  
                  
                  
                  
                     
                     	
                        
                        
                        b (intercept): A circle marks where the regression line crosses the vertical
                           axis at approximately USD 600,000, indicating estimated roofing sales when
                           housing starts equal zero.

                        
                        

                     
                     
                     	
                        
                        
                        m (slope): A horizontal arrow points to the slope segment of the line,
                           labeled as USD per housing start, representing how much sales increase with
                           each additional housing start.

                        
                        

                     

                  
                  
                  
                  The chart visually demonstrates that roofing sales tend to rise as housing construction
                     increases, consistent with the positive slope of the regression line.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 3-35: Visualize the Raw Data
[image: A line chart titled “Raw Data”, which helps identify the periods of high and low values within each year, showcasing the cyclic nature of the data. Go to long description for more details.]
                  
                  
                  This line chart visualizes raw data with monthly intervals and values ranging from
                     0
                     to 40. The X-axis labels the months from January to December, repeating over two
                     years. The Y-axis displays numerical values from 0 to 40.

                  
                  
                  
                  
                     
                     	
                        
                        Data Line: The line connects data points, showing peaks and troughs across
                           the months. The pattern repeats annually with noticeable seasonal variations:

                        
                        
                        
                           
                           	
                              
                              
                              High points: Around January to March and October to December.

                              
                              

                           
                           
                           	
                              
                              
                              Low points: Around April to September.

                              
                              

                           

                        

                     
                     
                     	
                        
                        Trend: The data appears cyclical, indicating a repeating pattern over the
                           two years. Peaks occur consistently in the same months each year, suggesting a
                           seasonal trend.

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 3-36: Generating Deseasonalized Data
[image: A table showing monthly sales data for three years, month averages, seasonal indices, and deseasonalized data for each year. Go to long description for more details.]
                  
                  
                  The table has columns for months, raw data (Year 1, Year 2, Year 3), month average,
                     seasonal index, and deseasonalized data (Year 1, Year 2, Year 3). Rows represent each
                     month from January to December. The table includes totals and averages at the bottom
                     for each year and overall.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Raw Data:

                        
                        
                        
                        
                           
                           	
                              
                              Columns: Month, Year 1, Year 2, Year 3

                              

                           
                           
                           	
                              
                              Rows: January to December, plus SUM and Year Average

                              

                           
                           
                           	
                              
                              Data shows monthly sales figures for three consecutive years.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Month Average:

                        
                        
                        
                        
                           
                           	
                              
                              Single column showing the average sales for each month over the three
                                 years.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Seasonal Index:

                        
                        
                        
                        
                           
                           	
                              
                              Single column showing the seasonal index for each month, which is used to
                                 deseasonalize the data.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Deseasonalized Data:

                        
                        
                        
                        
                           
                           	
                              
                              Columns: Year 1, Year 2, Year 3

                              

                           
                           
                           	
                              
                              Rows: January to December

                              

                           
                           
                           	
                              
                              Data shows the sales figures adjusted for seasonality using the seasonal
                                 index.

                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 3-37: Visualizing Data to Find Seasonality
[image: Line chart showing quarterly demand for Family A, Segment B over 12 quarters, with peaks every fourth quarter, a downward-trending dotted line, and a horizontal average line around 825 units. Go to long description for details.]
                  
                  
                  The x-axis represents the quarters (1 to 12), and the y-axis
                     represents the demand in units (0 to 1,600). The chart features two lines: an orange
                     line representing actual demand data points connected by a solid line and a brown
                     dotted
                     line representing a trend.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Orange Line (Actual Demand):

                        
                        
                        
                        
                           
                           	
                              
                              
                              Peaks at 1,400 units in the 1st, 5th, and 9th quarters.

                              
                              

                           
                           
                           	
                              
                              
                              Drops to below 800 units in the 3rd, 7th, and 11th quarters.

                              
                              

                           
                           
                           	
                              
                              
                              The pattern repeats, with demand rising and falling in a cyclical manner.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Brown Dotted Line (Trend Line):

                        
                        
                        
                        
                           
                           	
                              
                              
                              Starts at about 1,200 units in the 1st quarter and gradually trends
                                 downwards.

                              
                              

                           
                           
                           	
                              
                              
                              Ends slightly above 800 units by the 12th quarter.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Gray Line (Average Demand):

                        
                        
                        
                        
                           
                           	
                              
                              
                              Represents a constant average demand level of approximately 800 units over the
                                 period.

                              
                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 3-38: Deseasonalized Demand
[image: A table showing Actual Demand History and Deseasonalized Demand for three years, including quarterly averages and seasonal indices. Go to long description for more details.]
                  
                  
                  The “Actual Demand History” section shows demand figures for each
                     quarter over three years, along with quarterly averages and a seasonal index. The
                     “Deseasonalized Demand” section adjusts these figures for each of the three years
                     to
                     account for seasonal variations, providing a clearer picture of underlying demand
                     trends. The table also provides the “Average Demand (Qtr. Avg. Sum/4).”

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 3-39: Moving Average Forecasting over 3 and 6 Quarters
[image: Table of seasonal indices, actual and deseasonalized demand, and 3- and 6-quarter moving forecasts, with Y4-Q1 forecasts of 1,317 and 1,362 shown. Go to long description for details.]
                  
                  
                  This table is organized to show the actual demand, deseasonalized
                     demand, and forecasted demand for three years and the first quarter of a fourth year,
                     highlighting seasonal variations and aiding in future demand prediction. The columns
                     include the seasonal index for each quarter, the actual demand, deseasonalized demand,
                     and forecasted demand using both 3-quarter and 6-quarter moving averages. The rows
                     list
                     each quarter’s data and provide a summary of the totals and averages at the bottom.
                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 3-17: Distribution and Transaction Channels
[image: This diagram shows the flow of goods from production to the consumer, including both sales and physical distribution. Go to long description for more details.]
                  
                  
                  The image illustrates two channels: the Transaction channel and the
                     Distribution channel.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Transaction Channel: Starts with Sales department; arrows
                           lead to Distribution partner, then Retail location, and ends
                           with Consumer.

                        
                        

                     
                     
                     	
                        
                        
                        Distribution Channel: Starts with Production facility;
                           arrows leads to Transportation, then Warehouse, then Transportation,
                           then Retail location, then Delivery partner, and ends with
                           Consumer.

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 3-18: Direct, Exclusive, and Complex Channels
[image: The image depicts three types of distribution channels used by manufacturers to deliver products to customers: Direct/internal, Exclusive and select, and Complex. Go to long description for more details.]
                  
                  
                  
                  
                     
                     	
                        
                        
                        Direct/Internal Channel: Manufacturer directly to
                           Customer.

                        
                        

                     
                     
                     	
                        
                        
                        Exclusive and Select Channel: Manufacturer to
                           Distributor to Retailer to Customer.

                        
                        

                     
                     
                     	
                        
                        
                        Complex Channel: Manufacturer (Regional distribution
                           centers owned by manufacturer) to Distributor to
                           Retailer.

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 3-3: Local Strategic Design Principles
[image: A diagram illustrating three concentric circles labeled “Local,” “Network,” and “Global,” each with corresponding design principles. Go to long description for more details.]
                  
                  
                  The diagram consists of three concentric circles, each representing a
                     different level of design principles:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Local (innermost circle): Design principles shaping the
                           internal activities of organizations.

                        
                        

                     
                     
                     	
                        
                        
                        Network: Design principles guiding collaborative interactions
                           with upstream and downstream suppliers and customers.

                        
                        

                     
                     
                     	
                        
                        
                        Global (outermost circle): Design principles affecting the
                           organization’s relationship to the physical environment and society,
                           including local communities, the workforce, and sustainability.

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 3-5: Customer Impact on MPC System
[image: A flowchart illustrating the interrelationship between market requirements, manufacturing tasks, and manufacturing process design, leading to the desired and current MPC systems. Go to long description for more details.]
                  
                  
                  The flowchart consists of interconnected boxes with arrows indicating the
                     flow between different elements:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Requirements of the market: Bidirectional arrow connects to
                           “Manufacturing tasks.”

                        
                        

                     
                     
                     	
                        
                        
                        Manufacturing tasks:: 

                        
                        
                        
                        
                           
                           	
                              
                              
                              Bidirectional arrows point to “Manufacturing process design”
                                 and “MPC system design.”

                              
                              

                           
                           
                           	
                              
                              
                              Bidirectional arrow also connects “Manufacturing process
                                 design” to “MPC system design.”

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        MPC system design:

                        
                        
                        
                        
                           
                           	
                              
                              Bidirectional arrows point to “MPC system desired” and “MPC
                                 system current.”

                              

                           
                           
                           	
                              
                              Bidirectional arrow also connects “MPC system desired” to
                                 “MPC system current.”

                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 3-13: Product Lifecycle Management
[image: Product lifecycle chart showing sales and profit curves across introduction, growth, maturity, and decline, aligned with beginning-, middle-, and end-of-life stages and activities from innovation through recycle. Go to long description for details.]
                  
                  
                  The diagram presents the product life cycle with revenue
                     on the vertical axis and time on the horizontal axis. A solid line
                     represents sales, and a dashed line represents profit.

                  
                  
                  
                  The life cycle is divided into four phases:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Introduction: Sales start low and profit is negative.

                        
                        

                     
                     
                     	
                        
                        
                        Growth: Sales and profit rise rapidly.

                        
                        

                     
                     
                     	
                        
                        
                        Maturity: Sales peak and profit begins to level off or
                           decline.

                        
                        

                     
                     
                     	
                        
                        
                        Decline: Both sales and profit decrease.

                        
                        

                     

                  
                  
                  
                  Below the chart, the product lifecycle is grouped into three stages:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Beginning-of-life: Innovation, concept, development,
                           prototyping, engineering, supply, and launch.

                        
                        

                     
                     
                     	
                        
                        
                        Middle-of-life: Manufacturing, distribution, and usage.

                        
                        

                     
                     
                     	
                        
                        
                        End-of-life: Service, phase-out planning, phase-out, and
                           recycle.

                        
                        

                     

                  
                  
                  
                  A zero-profit horizontal line visually anchors the point where profit
                     transitions from negative to positive.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 3-14: NPI Frequency Versus Demand Uncertainty
[image: Matrix showing strategies for stable or unstable demand and low or high clockspeed, with integral or modular design, push or pull supply chains, and example products. Go to long description for details.]
                  
                  
                  The diagram is a 2×2 matrix.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Vertical axis: Demand uncertainty (low to high).

                        
                        

                     
                     
                     	
                        
                        
                        Horizontal axis: NPI frequency or clockspeed (low to
                           high).

                        
                        

                     

                  
                  
                  
                  Top left: Unstable demand, low clockspeed

                  
                  
                  
                  
                     
                     	
                        
                        
                        Integral design

                        
                        

                     
                     
                     	
                        
                        
                        Push–pull manufacturing

                        
                        

                     
                     
                     	
                        
                        
                        Examples: industrial goods with few buyers, fertilizers/pesticides,
                           high-grade furniture

                        
                        

                     

                  
                  
                  
                  Top right: Unstable demand, high clockspeed

                  
                  
                  
                  
                     
                     	
                        
                        
                        Modular design

                        
                        

                     
                     
                     	
                        
                        
                        Pull manufacturing

                        
                        

                     
                     
                     	
                        
                        
                        Emphasis on responsiveness such as short lead times and excess
                           capacity

                        
                        

                     
                     
                     	
                        
                        
                        Examples: fast fashion, cell phones

                        
                        

                     

                  
                  
                  
                  Bottom left: Stable demand, low clockspeed

                  
                  
                  
                  
                     
                     	
                        
                        
                        Integral design

                        
                        

                     
                     
                     	
                        
                        
                        Push manufacturing

                        
                        

                     
                     
                     	
                        
                        
                        Efficient supply chain

                        
                        

                     
                     
                     	
                        
                        
                        High inventory turnover

                        
                        

                     
                     
                     	
                        
                        
                        Examples: consumer staples, industrial commodities

                        
                        

                     

                  
                  
                  
                  Bottom right: Stable demand, high clockspeed

                  
                  
                  
                  
                     
                     	
                        
                        
                        Modular design

                        
                        

                     
                     
                     	
                        
                        
                        Push manufacturing

                        
                        

                     
                     
                     	
                        
                        
                        Efficient supply chain

                        
                        

                     
                     
                     	
                        
                        
                        Example: technology components used by many manufacturers (e.g.,
                           phone cameras)

                        
                        

                     

                  
                  
               
               Go to image in text.
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