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         Module 4:
            Capacity Planning and Demand Management

         
         
         
         
            
            
            Module 4: Capacity Planning and Demand Management is
               about how to better align supply with demand. Capacity planning
               is a long- to medium-term planning process that should result in
               providing just the right amount of logistics capacity for the actual demand.
               Demand management involves both estimating and proactively managing customer
               demand so organizations and extended partners can adjust their operations to
               match the demand. Manufacturers and logistics organizations/functions
               need to establish a connection between themselves and their ultimate
               customers so that their decisions on what to sell, how many to make,
               and where to distribute will be less variable and more profitable.

            
            
            
            
               Exhibit 4-1 uses
               the logistics planning and control diagram introduced in Module
               1 to show what is discussed in this module.

            
            
            
            
               Exhibit 4-1: Logistics Planning and Control[image: ../images/CLTDGraphic20-05-m4.png]
            
            
            
            
            Balancing demand management
               with logistics, transportation, and distribution capacity needs
               to take place over long-, medium-, and short-term horizons. Among
               the demand-side activities highlighted on the left in the exhibit,
               demand management takes place over all horizons while distribution
               requirements planning is primarily tactical and operational. At
               the top of the supply-side activities, capacity planning involves
               long-term, strategic balancing. Supply management takes place over
               all time horizons because this refers to the manufacturing planning
               and control activities used to determine what and how much to manufacture.
               Logistics capacity refers to tactical- and operational-level LTD
               capacity checks.

            
            
            
            Section A of this module
               addresses the basics of forecasting (a component of demand management)
               and the advantages and disadvantages of various types of forecasts. Forecasting
               is used primarily for manufacturing or purchasing the right quantities
               of each type of inventory, but it is also used as the basis for
               estimating the necessary supply of logistics services. Logistics
               professionals may collaborate on forecasts, for example, by providing
               their perspective on the supply side and its constraints. They may
               also be able to use forecasting tools and concepts to, for example,
               create a forecast of logistics demand, perhaps based on the sales
               forecast that is provided to them.

            
            
            
            Section B addresses demand
               management concepts, while many of the components of demand management
               are addressed in later sections. The section also addresses how to
               shape demand for logistics services to promote the most cost-effective
               services or to change the timing of requirements to relieve bottlenecks,
               and it goes over how to translate demand information into planning
               for transportation and warehousing capacity at a given service level.

            
            
            
            Section C addresses
               executive-level sales and operations planning (S&OP), a process used
               to create consensus on demand after accounting for sales and marketing commitments
               to increase demand. S&OP gains buy-in from operations and finance
               to ensure that the commitments are feasible. Logistics provides
               input at this point regarding capacity and service levels. The organization
               may also use collaborative planning, forecasting, and replenishment
               to coordinate supply with external partners.

            
            
            
            Section D addresses
               distribution requirements planning (DRP), which is how demand from
               DCs is provided to manufacturers so they can plan what to produce.

            
            
            
            Section E goes over
               the high points of supply management, including how enterprise resources
               planning systems are often used to perform master scheduling (which results
               in a master production schedule) to determine what and how much
               to build and the timing of these manufacturing activities. The section
               also covers material requirements planning, which is the process
               of translating demand for an item into requirements for all of the
               components and parts that make up the item.

            
            
            
            Finally, Section F addresses
               purchasing inventory. This includes how to develop a process and
               select a purchasing strategy, select suppliers, set contract terms
               and conditions, and coordinate supplier deliveries or pickups at
               supplier facilities as well as procurement technologies and methods
               of measuring and assessing both suppliers and materials management
               processes.

            
            

         
         
         
         
   
      
         
         
         
         Section A: Forecasting

         
         
         
         
         
            
            
            
            
            
               After completing this section,
                  students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Use actual sales data
                     instead of forecasting whenever possible but recognize the vital
                     role and continued relevance of forecasting

                  
                  

               
               
               
               	
                  
                  
                  Acknowledge
                     the nature of forecasting, such as the future being uncertain

                  
                  

               
               
               
               	
                  
                  
                  Visualize
                     data to see trends, cycles, seasonality, and random effects

                  
                  

               
               
               
               	
                  
                  
                  Understand
                     the basic steps in the forecasting process, including removal of seasonality
                     prior to forecasting

                  
                  

               
               
               
               	
                  
                  
                  Select
                     the best forecasting method given the objectives and the available
                     data

                  
                  

               
               
               
               	
                  
                  
                  Adjust
                     forecast results using qualitative methods like judgmental methods
                     or the Delphi method as appropriate

                  
                  

               
               
               
               	
                  
                  
                  Understand
                     the basics of time series forecasts, such as exponential smoothing,
                     and of associative (causal) forecasting, such as regression analysis

                  
                  

               
               
               
               	
                  
                  
                  Understand
                     how forecasting may need to differ depending on the distribution channel
                     used

                  
                  

               
               
               
               	
                  
                  
                  Interpret
                     forecast accuracy using forecast error and a number of other error measurements

                  
                  

               
               
               
               	
                  
                  
                  Translate
                     product/service demand forecasts into demand for logistics capacity and
                     services at long-, medium-, and short-term time horizons.

                  
                  

               
               

            
            
            
            Aligning supply and
               demand used to be synonymous with forecasting. Efforts to provide
               data on actual demand further and further up the supply chain have
               moved the push-pull frontier back for many organizations. Organizations
               that use lean techniques or make-to-order operational strategies
               have much less need for forecasting than the traditional organizations
               of the past. However, at some point in these chains, there are materials
               and components that have long enough lead times and subcomponents
               used for enough product families that they still must be produced before
               actual demand information is available. These need to be forecasted.
               In other organizations, particularly ones with fairly stable demand
               and long lead times, forecasting remains the primary method for
               assessing demand. Topic 1 in this section explores reasons to create
               forecasts and reasons why organizations are trying to move away
               from them to the degree possible. It also addresses a forecasting
               process and reviews the primary methods of forecasting.

            
            
            
            While producing forecasts
               is very often someone else’s role (it may fall in another department),
               being able to interpret forecasts and assess their reliability is
               a relevant skill for any logistics professional, so this is the
               subject of Topic 2.

            
            
            
            Topic 3 discusses how
               logistics professionals translate demand forecasts into forecasts
               for logistics services and sometimes do their own forecasting as
               well.

            
            

         
         
         
         
   
      
         
         
         
         Topic 1: Forecasting Process and Methods

         
         
         
         
            
            
            
               
               
               We begin by defining forecasting, its nature, and factors
               affecting demand. We then continue on to discuss the forecasting process, forecasting
               methods, and how to forecast for distribution channels.

            
            

         
         
         
         
         
            
            
            Forecasting

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  
                  
                  
                  The ASCM Supply Chain Dictionary defines forecasting as

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

                  

               
               
               
               Forecasts come in two basic types—quantitative and
                  qualitative—though, in practice, the two are often blended. The quantitative or calculable
                  type is based either on a time series, meaning that it projects forward what happened
                  in the
                  past, or on an association or correlation between one or more measurable drivers and
                  the
                  thing being forecasted. If there is a relationship, it should reasonably predict both
                  the
                  rise and fall in demand for the forecasted element. For example, government data on
                  housing
                  starts might predict sales of roofing materials to the home builders’ market segment.
                  Qualitative forecasting is usually some form of expert judgment that can be used
                  independently of a quantitative model or to modify it. For example, knowledge of an
                  impending strike at a competitor’s plant might be a reason to plan for higher demand
                  than
                  the quantitative forecast predicts.

               
               
               
               The primary purpose of forecasting is to prevent expensive
                  overstocks and stockouts that lead to lost customers, since both can result in loss
                  of
                  market share or financial failure. For logistics, the primary purpose of forecasting
                  is to
                  have the right inventory levels at each location and warehouse and transportation
                  capacity
                  in place to move the forecasted amount of goods to the right places in the given time
                  frame.
                  Forecasts are the first step in many forms of planning over different horizons:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        Long-term (three plus years): Forecasts are created to plan new products and
                        retire others, enter or exit markets, and plan facilities and capacity for supply,
                        manufacturing, transportation, warehousing, and retail.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Medium-term (one to two years): Forecasts are the basis for budgets, production
                        planning, and shorter-term capacity planning, for example, hiring drivers or warehouse
                        employees or negotiating contract extensions.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Short-term (less than a year): Forecasts are the basis of what to purchase or
                        produce and what logistics equipment and services to schedule. Whenever information
                        on
                        actual demand provides sufficient time for at least some portion of purchasing,
                        production, and transportation, it should be used instead.

                     
                     

                  
                  

               
               
               
               While forecasts are still heavily relied upon by many
                  branches of an organization, it is important to learn their limitations.

               
               

            
            
         
         
         
         
            
            
            The Nature of Forecasting and the Bullwhip Effect

            
            
            
            
            
               
               
               
               
               
                  
                  Forecasting is a prediction of the future, and the future is
                  uncertain. While the results of the past are no guarantee of the results of the future,
                  many
                  forecasts indeed project past results forward. It should be obvious from this that
                  forecasting has a high degree of uncertainty and actual results often vary from predicted
                  ones. In fact, it is often said that forecasts are always wrong.

               
               
               
               While by chance forecasts are right on occasion,
                  there is more often some variance in one direction or the other to a larger or smaller
                  amount. Forecasts have variability because consumers are themselves unpredictable.
                  Even
                  those who buy the same things habitually may buy from a competitor or vary their purchase
                  location, timing, and quantities. A forecast and its historical degree of error are
                  often
                  stated together.

               
               
               
               
                  Forecasts can also be biased. The ASCM Supply
                     Chain Dictionary defines bias as

               
               
               
               
                  
                  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.

                  

               
               
               
               Some forms of forecasts are based on management or
                  salesperson expert judgment, and this could be overly optimistic or deliberately understated
                  to make surpassing goals easier. Even purely quantitative forecasts can have bias
                  over a
                  particular time frame. For example, a time series forecast predicts that a historical
                  trend
                  will continue indefinitely, so it will always lag behind a change in the market. A
                  driver
                  chosen as a forecast predictor might be weighted too heavily or might correlate by
                  coincidence rather than be a true cause-and-effect relationship.

               
               
               
               Finally, forecasting costs money. More elaborate methods
                  with greater data requirements or more group participation will have a higher cost
                  to
                  produce. Forecasting processes need to produce savings in lower variability that are
                  greater
                  than the funds expended to perform the analysis.

               
               
               
               There are two important principles of forecasting to
                  remember that will help when deciding on how best to forecast and how much to rely
                  on the
                  forecast results:

               
               
               
               
                  
                  
                  	
                     
                     
                     Aggregate forecasts, such as
                        forecasts of product families or other groups, are more reliable than granular forecasts
                        of individual items. This is because the high forecast variances for individual items
                        in
                        the aggregation will tend to be canceled out by the low forecast variances for other
                        items in the group. This is why things like lean and postponement are so powerful:
                        Requirements common to the entire product family can be planned more
                        accurately.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Forecasting into the future
                        becomes inherently less reliable. Longer-term forecasts are often needed for long-term
                        planning purposes, but forecast users need to place less reliance on them because
                        events
                        further out in the future have more uncertainty. More random factors can come into
                        play.
                        This is why long-term loans pay a higher interest rate than short-term loans. More
                        things could go wrong in that longer time frame.

                     
                     

                  
                  

               
               
               
               Here are some ways to improve forecasting accuracy:

               
               
               
               
                  
                  
                  	
                     
                     
                     Check data sources and data
                        input methods and results for accuracy and reliability. Poor data will result in an
                        unreliable forecast. This is often referred to as garbage in, garbage out
                        (GIGO).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Use demand history rather than
                        sales history. Demand can be estimated starting with sales history, less sales returns,
                        plus unfulfilled orders and orders shipped from alternate locations due to local
                        stockouts, plus an estimate of missed sales due to stockouts.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Use information on consumer
                        (ultimate customer) demand rather than intermediate customer (e.g., DC) orders.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Include a margin of error in
                        units and/or monetary amounts with each forecast to get people used to looking at
                        accuracy.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Adhere to organizational
                        targets for forecast quality and acceptable error rates, and adjust methods when a
                        forecast is missing its targets.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Track the accuracy of forecasts
                        before and after expert modifications to see if there has been an improvement (whenever
                        a blend of quantitative and qualitative forecasting is used).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Keep forecast models as simple
                        as possible. Needless complexity increases chances for error and may not improve the
                        model.

                     
                     

                  
                  

               
               
               
               In general, the best way to develop reliable enough
                  forecasts is to define the requirements clearly, develop a sound process for forecasting,
                  test assumptions, and share data among supply chain members.

               
               
               
               
                  
                  The
                     Bullwhip Effect

                  
                  
                  
                  
                     The bullwhip effect is “an extreme change in the supply position upstream… generated
                     by a small change in demand downstream” (partial definition from the ASCM Supply Chain Dictionary). The bullwhip effect is
                     mainly an issue with make-to-stock production. It is caused by a lack of communication
                     upstream regarding ultimate demand information or of plans such as discounts and
                     promotions. When the only upstream communications are between neighboring echelons
                     and
                     this is just in the form of orders rather than actual demand, any variability in order
                     sizes creates even greater variability upstream, especially since lot sizes tend to
                     increase as one moves farther upstream. The lead time between order placement and
                     arrival
                     at each echelon also influences the bullwhip effect.

                  
                  
               
               

            
            
         
         
         
         
            
            
            Factors Affecting Demand

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  
                  
                  The long-term
                  average demand for a product or service can be impacted by a number of factors, including
                  trends, cycles, seasonality, random (irregular) variation, and promotions or other
                  internal
                  drivers.

               
               
               
               Quantitative forecasts use a process of removing the
                  impact of seasonality or other forces to find this long-term average demand, applying
                  the
                  forecasting method, and then reapplying the seasonality or other force. This allows
                  the
                  models to be far more useful.

               
               
               
               
                  
                  
                  
                  
                  Exhibit 4-2 illustrates several of the factors
                  that influence demand. The period for long-term average demand here is four years.
                  Seasonality is the large wave effect, and the trend is the slope that shows the relative
                  size of the waves over time. (A linear trend line is added.) Random variation is the
                  less-than-perfect shape of the waves.

               
               
               
               
                  Exhibit 4-2: Demand, Seasonality, Trend, and Random Variation[image: ../images/CLTDgraphic2a-03.png]
               
               
               
               
               
                  
                  Trends

                  
                  
                  
                  A trend is the
                     “general upward or downward movement of a variable over time (e.g., demand or process
                     attribute)” (ASCM Supply Chain Dictionary). A trend is a
                     long-term shift, and two common examples are linear (upward-sloping, neutral, or negative)
                     or exponential (skyrocketing upward or downward). Trends can change direction at any
                     time
                     as a result of internal or external forces. For example, successful new product
                     introductions generally start off as an upward-sloping trend, but this trend usually
                     becomes relatively neutral when the product moves into the maturity stage of its life
                     cycle.

                  
                  
               
               
               
               
                  
                  Cycles and Other External
                     Drivers

                  
                  
                  
                  Cycles are periodic upward, neutral,
                     or downward shifts in demand lasting longer than one year. The economic cycles of
                     recession and growth that form a wave pattern are a primary example. The economic
                     cycle
                     might be one of the causes of a trend.

                  
                  
                  
                  External
                     demand drivers such as economic cycles, population growth, major events, or disasters
                     are
                     sometimes used to qualitatively adjust a quantitative forecast. A particular driver
                     might
                     also be used if its relationship can be tested and shows strong correlation. These
                     drivers
                     can be leading or lagging indicators. Leading indicators provide information that
                     enables
                     organizations to anticipate or predict micro- or macroeconomic changes. They include
                     things like building permits, initial unemployment insurance claims, and orders for
                     capital equipment or durable goods plus indexes such as the Standard & Poor’s 500
                     stock index or indexes of consumer confidence. (Consumer behavior is not strictly
                     rational
                     according to behavioral economics.) When leading indicators are not available, lagging
                     indicators can be used, but these are things that occur following a change in a cycle,
                     so
                     they are less useful for forecasting.

                  
                  
               
               
               
               
                  
                  Seasonality

                  
                  
                  
                  Demand may fluctuate depending on the time of year,
                     e.g., holidays, weather, or other seasonal events. Seasonality (also known as seasonal variation) is defined in the ASCM Supply Chain Dictionary as

                  
                  
                  
                  
                     
                     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.

                     

                  
                  
                  
                  Seasonality can refer
                     to the seasons of the year or to changes related to any time-based recurring
                     event—lunchtime, the weekend, Christmas, each February, or the first or last week
                     of the
                     month. Whenever seasonality is present to a significant degree, it needs to be removed
                     before forecasting and then added back in later.

                  
                  
                  
                  Note the difference between seasonality and cycles. Seasonality is a demand pattern
                     that,
                     based on history, will repeat itself on a calendar basis such as month, week, day
                     of the
                     week, hour of the day, etc., and therefore can be predicted. Cycles are demand patterns
                     that repeat but follow a wavelike pattern that can span multiple years and may change
                     at
                     any time; therefore, they cannot be predicted easily.

                  
                  
               
               
               
               
                  
                  Promotions or Other Internal
                     Drivers

                  
                  
                  
                  Promotions, such as discounts or
                     advertising, and other internal drivers of demand, such as deals to get favorable
                     product
                     placement, will have a measurable impact on demand if they are successful. Promotions
                     that
                     take place in regular patterns will resemble or reinforce seasonality. For many
                     industries, promotions can explain 50 to 80 percent of sales variation. They are worked
                     into forecasts using associative forecasting, for example, by using marketing spend
                     as a
                     driver.

                  
                  
                  
                  Minimum quantity requirements—requirements
                     regarding the smallest amount of a product that can be ordered from a supplier—are
                     another
                     important internal driver of demand. Bulk discounts are a related demand driver that
                     may
                     encourage ordering in larger quantities, assuming that the savings are greater than
                     the
                     additional inventory holding costs and other costs. Minimum quantity requirements
                     or bulk
                     discounts may not be reflected in the forecast; if they are, it may be as a contributor
                     to
                     the bullwhip effect. Logistics needs to factor in their impact when interpreting
                     forecasts. For example, there may be some amount of early ordering, with more sporadic
                     orders placed than the demand forecast would otherwise indicate.

                  
                  
               
               
               
               
                  
                  Random (Irregular)
                     Variation

                  
                  
                  
                  
                     Random
                        variation is “a fluctuation in data that is caused by uncertain or random
                     occurrences” (ASCM Supply Chain Dictionary). Random
                     variation is what is left after seasonality, trend, or other explainable factors are
                     removed. The idea is to minimize this component by finding more and more explainable
                     factors.

                  
                  
                  
                  Two terms from statistical process
                     control can help in understanding how random variation differs from the other components
                     of demand. In statistical process control (a quality tool that uses control charts
                     to
                     track variations in manufacturing or other processes), all variations are categorized
                     as
                     either common cause (general cause) or special cause (assignable cause). Random variation
                     is akin to a common cause. These are the multitude of small factors that affect demand
                     but
                     cannot be added to the model due to the need for simplicity or the inability to model
                     them. Demand that is stripped of everything but random variation should conform to
                     a
                     normal distribution (bell curve). Trends, seasonality, cycles, and promotions are
                     akin to
                     special causes, or causes that have an identifiable effect on demand. Since these
                     can be
                     understood, they can be accounted for in the data preparation prior to
                     forecasting.

                  
                  
               
               

            
            
         
         
         
         
            
            
            Forecasting Process

            
            
            
            
            
               
               
               
               
               
                  While logistics professionals may not do much forecasting, they need to
                  understand the basic process and the differences between the types of forecasts so
                  that they
                  can interpret them, have useful discussions about them, and then use them to drive
                  their own
                  resource requirements. Here are the steps in the forecasting process:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        Determine the purpose of the forecast. For example, to determine an overall rate
                        of demand per period, to forecast demand mix (which units of a product family will
                        be
                        more in demand than others), to set manufacturing or purchasing targets, or to forecast
                        capacity or service staffing.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Determine level of aggregation and what will be forecasted. Specify units of
                        measure and product family, product, or SKU (stock keeping unit).

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Determine the time horizon. Specify a short-, medium-, or long-term forecast and
                        the planning bucket (e.g., by week, month).

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Visualize the data. Map any available historical data on a graph to see if they
                        have obvious trends or seasonality. This will help when selecting the forecasting
                        method.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Choose the forecasting method or model. You can choose qualitative or
                        quantitative methods or both. For quantitative methods, decide if a time series forecast
                        or an associative forecast would work better and choose a subtype. If historical data
                        are available and the trend appears to be relatively steady, a time series forecast
                        is a
                        good choice. If no data are available or the trend changes frequently, it may be best
                        to
                        develop an associative forecast based on elements that appear to be driving the changes
                        in the trend.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Prepare the data. Gather data to be used as forecast inputs. If the visualization
                        showed strong seasonality, remove this temporarily.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Test the forecast using historical data. If historical data are available,
                        prepare a forecast for a few periods back from the present and compare the forecast
                        results to the actual historical results. Forecast using multiple methods to find
                        the
                        most accurate one.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Forecast. After making any necessary adjustments, use the model. If seasonality
                        was removed from the data (the data were deseasonalized), add it back in. Any
                        qualitative adjustments would also be made at this point.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Perform sales and operations planning. Demand- and supply-side and financial
                        professionals arrive at a single demand forecast that everyone agrees to use. This
                        is
                        called a one-number system (one forecast).

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Periodically review and improve models for accuracy. Monitor and control error
                        levels and continually improve models. Forecasters should be providing error statistics
                        with their forecasts, and part of your job is to understand this reliability level
                        so
                        you know how much reliance to place on forecasts.

                     
                     

                  
                  

               
               

            
            
         
         
         
         
            
            
            Forecasting Methods

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  
                  
                  
                  
                  
                  
                  
                  
                  Now let’s look at some of the
                  qualitative and quantitative forecasting methods.

               
               
               
               
                  
                  Qualitative Methods

                  
                  
                  
                  The ASCM Supply Chain
                        Dictionary defines qualitative forecasting
                        techniques as

                  
                  
                  
                  
                     
                     
                        
                        
                        
                        
                        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.

                     

                  
                  
                  
                  Qualitative forecasts rely
                     on judgment rather than math. These methods lack scientific precision but can be used
                     on
                     their own in volatile situations or when there are no historical data available, such
                     as
                     for a new product. Sometimes a similar product might be used as a proxy, and this
                     possibility should be explored prior to resorting to a pure qualitative forecast.
                     Qualitative forecasts depend on the experience level of the forecasters, so results
                     can
                     vary widely. This can be true even when a qualitative method is used to adjust a
                     quantitative method.

                  
                  
                  
                  
                     Bias is also a real risk when using
                     qualitative forecasting on its own or after quantitative forecasting. Estimators may
                     be
                     motivated to estimate too high or too low depending on their incentives. For example,
                     a
                     salesperson could estimate too low to make a sales target easy to reach, while a culture
                     of optimism might lead to aggressive sales goals. One way to mitigate bias is to ask
                     estimators to provide a pessimistic estimate, a most likely estimate, and an optimistic
                     estimate. The three estimates can be combined and divided by three (the simple average),
                     or the most likely estimate can be given more weight. A common way is to multiply
                     the most
                     likely result by four but then divide the total result by six:
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                  Two common types of
                     qualitative forecasting are judgmental/expert judgment forecasting and the Delphi
                     method.

                  
                  
                  
                  
                     
                     
                     
                        Judgmental/Expert Judgment
                           Forecasting
                        

                     
                     
                     
                     Executives, salespersons,
                        market analysts, and others can use their detailed knowledge of their products and
                        their
                        customers, along with their memory of the differences between prior forecasts and
                        actual
                        results, to generate a forecast or, more often, to adjust a quantitative forecast.
                        Tracking these adjustments separately from any quantitative component will help in
                        determining whether these modifications are increasing or decreasing accuracy and
                        in
                        showing whether they are introducing bias by being consistently high or
                        low.

                     
                     
                  
                  
                  
                     
                     
                     
                        Delphi Method
                        

                     
                     
                     
                     A more involved and sophisticated qualitative forecast can be created
                        by surveying experts and collating their responses into a document that keeps the
                        responses anonymous. The compiler continues to work toward consensus in successive
                        rounds by highlighting areas where there is disagreement and allowing responders to
                        change their responses after reading the current group opinion. Anonymity is used
                        for
                        two reasons. First, it helps prevent dominant personalities or emotions from influencing
                        the group opinion, called the “groupthink” effect. When the 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. This is when a person has already publicly committed to a forecast result
                        and
                        doesn’t want to lose face by changing his or her declared position. Since the position
                        is anonymous, it is easier to change given more information. This 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.

                     
                     
                  
               
               
               
               
                  
                  Quantitative Methods: Time
                     Series Forecasting

                  
                  
                  
                  
                     
                     
                     
                     
                     
                     As defined in the ASCM Supply Chain Dictionary,
                      
                     quantitative forecasting techniques are

                  
                  
                  
                  
                     
                     an approach to forecasting in
                        which historical demand data is used to project future demand. Extrinsic and intrinsic
                        techniques are typically used.

                     

                  
                  
                  
                  Quantitative
                     forecasting uses mathematical formulas to predict future results based on past trends.
                     Two
                     basic categories are time series and associative.

                  
                  
                  
                  The Dictionary defines time
                        series forecasting as

                  
                  
                  
                  
                     
                     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 forecasting is more commonly used because the methods
                     are less complex mathematically and thus easier to explain to decision makers. Time
                     series
                     methods assume that the factors that influenced the past will continue on into the
                     future.
                     When that trend is unlikely to be stable, 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 simply assumes
                     that the last period’s demand will be this period’s forecast. It can be cost-effective
                     but
                     does not account for trends, and any random spike or trough in demand would be carried
                     forward. The naive method is not discussed further in this text. Other time series
                     methods
                     include the simple moving average, the weighted moving average, and exponential smoothing.
                     We’ll examine these in a moment, but first we’ll look at some of the steps in time
                     series
                     forecasting.

                  
                  
                  
                  
                     
                     
                     
                        
                        Visualizing
                        

                     
                     
                     
                     
                        
                        Visualizing the data is an important
                        part of forecasting because you can often spot seasonality or other trend or cycle
                        information very quickly and decide how best to forecast. Exhibit 4-3 shows some visualized raw data
                        for a product with strong demand in the winter months and very low demand in the summer
                        months.

                     
                     
                     
                     
                        Exhibit 4-3: Visualize the Raw Data[image: ../images/CLTDgraphic2a-04.PNG]
                     
                     
                     
                     
                     
                        Note the linear trend, shown as the dotted line. It is
                        slightly upward-sloping. However, the waves are very strong, showing strong seasonality,
                        and this will need to be removed or the results will be of little use. A time series
                        forecast done during a seasonal upswing would predict this upswing to keep on going
                        upward, while your visual review clearly shows that the upswing will very likely go
                        to a
                        downswing in a predictable manner. Therefore, deseasonalizing is the next
                        step.

                     
                     
                  
                  
                  
                     
                     
                     
                        Deseasonalizing
                        

                     
                     
                     
                     The process of deseasonalizing data, or removing the
                        seasonality, involves generating a seasonal index. How to do this is not addressed
                        here,
                        but Exhibit 4-4
                        uses data from Exhibit 4-3 to show the results of deseasonalizing.

                     
                     
                     
                     
                        Exhibit 4-4: Generating Deseasonalized Data[image: ../images/CLTDgraphic2a-05.PNG]
                     
                     
                     
                     
                     Deseasonalizing results in seasonal index
                        values to be used as divisors for the raw data. In the exhibit, January sales are
                        higher
                        than the average amount, and January’s index value is 2.214. Thirty-two units were
                        sold
                        in January 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 the exhibit.
                        This
                        value would be used in the forecasting process. Exhibit 4-4 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.

                     
                     
                  
                  
                  
                     
                     
                     
                        Simple and
                           Weighted Moving Averages, Exponential Smoothing
                        

                     
                     
                     
                     Once the data are deseasonalized, they are ready for use in
                        forecasting with the simple and weighted moving averages and exponential
                        smoothing.

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           The simple moving average is the average of demand from
                              several preceding periods. Three- and six-month periods are commonly used. For
                              example, a three-month moving average would be calculated as follows, where M1, M2,
                              and M3 are the three most recent months. (The example uses data from the last months
                              shown in Exhibit 4-4.)
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                           This is a moving
                              average because it is recalculated using the most recent set of months (or other
                              periods), dropping the oldest month and adding the just-ended month to the
                              list.

                           
                           
                           
                           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 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 emphasis on the more
                              distant periods. While any weighting system can be used, only testing against
                              historical data can prove whether a given set of weights is a better predictor than
                              another set.

                           
                           
                           
                           When calculating the 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, for example:
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                              Exponential smoothing abandons the averaging of
                              multiple periods, but, like the prior method, it does involve weighting. It uses
                              three inputs in its equation: the last period’s forecast, the last period’s demand,
                              and a smoothing constant, a number greater than 0 and less than 1 represented by the
                              Greek letter alpha (α), which is basically a percentage weighting where 1 = 100
                              percent. One way to calculate exponential smoothing is shown below. It uses the same
                              example of 14 units of December year 3 demand and assumes a smoothing constant of
                              0.3 and a prior period (deseasonalized) exponential forecast of 16.2
                              units.
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                           Using this equation
                              produces a weighted average of previous results. A constant of 0.3 would put 30
                              percent of the weight on the last period’s demand and 70 percent on the last
                              period’s forecast. This constant smooths out 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. A constant of 0.05 would give
                              minimal weight to the preceding period’s actual demand, while 0.5 would equally
                              weight the actual and forecast results. The constant value is selected by
                              experience, trial and error, and testing against historical data.

                           
                           
                           
                           This method is often used when you want to
                              minimize the lag that exists when trends shift, but, like all time series models,
                              it
                              cannot eliminate this lag.

                           
                           

                        
                        

                     
                     
                  
                  
                  
                     
                     
                     
                        
                        Reseasonalizing
                        

                     
                     
                     
                     
                        Reseasonalizing involves multiplying the deseasonalized data by the
                        given period’s seasonal index to find the seasonalized forecast values. This reapplies
                        the seasonality and thus 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.

                     
                     
                  
                  
                  
                     
                     
                     
                        Visualizing to Show Forecast Values
                        

                     
                     
                     
                     When you are done creating a forecast, it is generally
                        useful to finish by visualizing the data again in chart form. Charts help present
                        the
                        forecast to decision makers since they make the forecast easier to digest.

                     
                     
                     
                     When trends vary too much for these time series
                        methods to be useful in predicting demand, associative forecasting can be
                        used.

                     
                     
                  
               
               
               
               
                  
                  Quantitative Methods:
                     Associative Forecasting

                  
                  
                  
                  
                     
                     Associative forecasting (also called causal, correlation, explanatory, or
                     extrinsic forecasting) “uses one or more variables that are believed to affect demand
                     in
                     order to forecast future demand” (ASCM Supply Chain
                        Dictionary). These variables, from internal or external data sources, act as a
                     predictor of something that is presumed to be correlated. The predictor is called
                     the
                     independent variable. The element being predicted is called the dependent variable,
                     and it
                     could be, for example, demand for a product family. While time series forecasting
                     is best
                     for the short or medium term, associative forecasting is best for long-term forecasting
                     at
                     the aggregate level.

                  
                  
                  
                  Two common forms of
                     associative forecasting are simple and multiple regression analysis.

                  
                  
                  
                  
                     
                     
                     
                        
                        
                        
                        
                        Simple
                           Regression
                        

                     
                     
                     
                     Simple regression (also called
                        linear regression) uses a formula to make an association between the dependent variable
                        y (the element being predicted) and the independent
                        variable x (the predictor), with two other elements,
                        alpha and beta. Beta (β) is the slope, which is a value used as a multiplier to find
                        the
                        correct placement of the forecast result. Alpha is the intercept, which is where the
                        slope intercepts 0 on a chart. In an example of housing starts compared to roofing
                        sales, if there were 0 housing starts the prior month, what would roofing sales be?
                        That
                        is the intercept. Simple regression is basically a method of finding the best fit
                        of a
                        straight line through the actual data. Note that a common alternative version of this
                        formula is y = mx +
                        b, where m is the
                        slope, b is the intercept, and x and y are the same.

                     
                     
                     
                     
                        Exhibit 4-5 shows how to interpret the formula below and apply it to the
                        roofing sales example.
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                     The first thing to do
                        when working on regression analysis is to visualize the data. Exhibit 4-5 shows
                        the prior month’s housing starts against the organization’s total roofing sales, and
                        a
                        trend line is shown.

                     
                     
                     
                     
                        Exhibit 4-5: Simple Regression Slope and Intercept Defined for Roofing Sales Example[image: ../images/CLTDgraphic2a-06.png]
                     
                     
                     
                     
                     
                        Exhibit 4-6 shows the same data, but now both
                        housing starts and roofing sales are shown over time.

                     
                     
                     
                     
                        Exhibit 4-6: Simple Regression Slope and Intercept Defined for Roofing Sales Example[image: ../images/CLTDgraphic2a-07.PNG]
                     
                     
                     
                     
                     Looking at the data in this way makes it clear
                        that there is some correlation, so further analysis appears to be worthwhile.

                     
                     
                     
                     So, how do we tell whether there is enough correlation
                        to use this predictor in our sales forecast? The statistical term that defines the
                        strength of correlation is called the coefficient of correlation (r). The coefficient of correlation will be between –1.0
                        and +1.0, where –1.0 is perfect negative correlation (an increase in the predictor
                        causes an equal decrease in the predicted element), +1.0 is perfect positive correlation
                        (an increase in the predictor causes an equal increase in the predicted element),
                        and
                        0.0 is not correlated at all. In our example of roofing sales compared to housing
                        starts, the r value is +0.79, which means that the
                        element is positively correlated. Squaring the coefficient of correlation yields the
                        coefficient of determination (also 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 them.

                     
                     
                     
                     Most forecasters use a data analysis program to
                        generate the values for alpha and beta given historical data. For example, Microsoft
                        Excel can generate alpha and beta values and other statistics quickly. After values
                        for
                        alpha and beta are found, it is a simple matter of plugging the predictor along with
                        these two values into the equation to predict the next period’s results. Microsoft
                        Excel
                        can also generate a chart with the regression line shown (as was done to generate
                        Exhibit 4-5).

                     
                     
                  
                  
                  
                     
                     
                     
                        Multiple
                           Regression
                        

                     
                     
                     
                     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.

                     
                     
                  
               
               

            
            
         
         
         
         
            
            
            Forecasting for Distribution Channels

            
            
            
            
            
               
               
               
               
               
                  
                  
                  Demand characteristics differ
                  depending on the distribution channel, or the method by which a product or service
                  reaches
                  the market. Exhibit 4-7 illustrates some of the 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.

               
               
               
               
                  Exhibit 4-7: Distribution Channels[image: ../images/CLTDgraphic2c-10.png]
               
               
               
               
               
                  
                  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
                     was 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.

                  
                  
               
               
               
               
                  
                  Business-to-Consumer
                     e-Sales

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

                  
                  
                  
                  
                     
                     business being conducted between
                        businesses and final consumers, largely over the internet. It includes traditional
                        brick-and-mortar businesses that also offer products online and 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 LSPs/3PLs such as consolidation or break-bulk centers are
                        very
                        common methods of retail fulfillment. They allow for full truckload deliveries to
                        each
                        store. Third-party logistics providers 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 mail, 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 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
                     e-Commerce

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

                  
                  
                  
                  
                     
                     business conducted over the internet between businesses. The
                        implication is that this connectivity will cause businesses to transform themselves
                        via
                        supply chain management to become virtual organizations—reducing costs, improving
                        quality, reducing delivery lead time, and improving 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 TL or CL, 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.

                  
                  
               
               
               
               
                  
                  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.

                  
                  
               
               
               
               
                  
                  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 part
                     way
                     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.

                  
                  
                  
                  From a logistics perspective, 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 for cross-docking, etc.

                        
                        

                     
                     
                     
                     	
                        
                        
                        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.

                        
                        

                     
                     

                  
                  
               
               

            
            
         
         
   
      
         
         
         
         Topic 2: Interpreting
            Forecasts

         
         
         
         
            
            
            Interpreting forecasts includes
               assessing the reliability or error levels of the forecasts. A poor
               forecast can have a huge negative impact on logistics costs. For
               example, a forecast that underestimates demand might result in insufficient
               vehicles, leaving no choice but to buy high-priced transport at
               the last minute. Another example is insufficient receiving capacity
               at a warehouse, with trucks backed up waiting to unload.

            
            
            
            Since in many cases there
               will be sufficient capacity to handle normal levels of demand, only
               the exceptions to the norm are of real concern to logistics. Exception management
               is addressed at the end of this topic.

            
            

         
         
         
         
         
            
            
            Accuracy of Forecasts (Error Rates)

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

               
               
               
               Error rates generally compare
                  the forecast against actual results. Error measurements will help
                  show 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 one’s control. 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.

               
               
               
               Errors 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 US$10 television
                  cables is less significant than being off by 10 US$10,000 televisions.)
                  Error rates can also be used to refine forecasts to minimize future
                  errors.

               
               
               
               
                  
                  Forecast
                     Error

                  
                  
                  
                  
                     
                     Forecast error is “the difference
                     between actual demand and forecast demand” (ASCM Supply Chain Dictionary).

                  
                  
                  
                  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/4a-2_01_id179JDA00WPN_mathml_51_width_1262.png]


                  
                  
                  
                  
                     
                     An absolute value is a
                     number that is stated without regard to positive or negative signs,
                     so 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 such as mean
                     absolute deviation.

                  
                  
                  
                  When
                     expressing forecast error as a percentage (also known as absolute
                     percentage error [APE]), the equation is as follows (with a continuation
                     of the prior example):

                  
                  
                  
                  
[image: ../images/4a-2_02_id179JE0N707Q_mathml_52_width_1194.png]


                  
                  
               
               
               
               
                  
                  Forecast
                     Accuracy

                  
                  
                  
                  
                     Forecast
                     accuracy is simply the complement of the forecast error as a percentage, expressed
                     as follows (with a continuation of the prior example):

                  
                  
                  
                  
[image: ../images/4a-2_03_id179JE0V0V30_mathml_53_width_1068.png]


                  
                  
               
               
               
               
                  
                  Mean
                     Absolute Deviation (MAD)

                  
                  
                  
                  A
                     common way of tracking the extent of forecast error is to add the
                     absolute period errors for a series of periods and divide by the
                     number of periods. This gives you the mean absolute deviation (MAD).

                  
                  
               
               
               
               
                  
                  Mean
                     Squared Error (MSE)

                  
                  
                  
                  
                     
                     Another
                     method of calculating error rates, the mean squared error (MSE),
                     magnifies the errors by squaring each one before adding them up
                     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/4a-2_04_id179JE0Z0KRO_mathml_54_width_787.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 and 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 Percentage Error (MAPE)

                  
                  
                  
                  
                     
                     A drawback to the MAD and MSE calculations
                     is that they are not meaningful unless you know what an expected
                     result should be based on the relative size of the forecast. Mean
                     absolute percentage error (MAPE) shows the ratio, or percentage,
                     of the absolute errors to the actual demand for a given number of
                     periods. In the example below, the forecast error as a percentage
                     (or APE) of 11 percent that was calculated earlier is the first
                     value. The remaining APEs per month are then listed. The sum of these
                     errors by month is divided by 12 months.
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                  Exception rules for review
                     can be applied to any SKU or product family that has a MAPE above
                     a certain percentage value.

                  
                  
               
               
               
               
                  
                  Tracking
                     Signal

                  
                  
                  
                  
                     The ASCM Supply Chain Dictionary defines
                     the tracking signal as

                  
                  
                  
                  
                     
                     the
                        ratio of the cumulative algebraic sum of the deviations between
                        the forecasts and the actual values to the mean absolute deviation.
                        It is used to signal when the validity of the forecasting model
                        might be in doubt.

                     

                  
                  
                  
                  The
                     tracking signal can be calculated as follows. (The January forecast
                     error from the earlier example is the first value, and the other
                     months’ forecast errors are provided along with the MAD value.)
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                     Note that the algebraic
                     sum of forecast errors is a cumulative sum that does not use absolute
                     values. Therefore the tracking signal could be either positive or
                     negative to show the direction of the bias. Organizations use a
                     tracking signal by setting a target value for each period, such
                     as ±4. If the tracking signal exceeds this target value, it would
                     trigger a forecast review. In this case, the exponential smoothing
                     method is at –4.36. Options for reducing error might include adjusting
                     the smoothing constant or selecting a more appropriate model.

                  
                  
                  
                  Many organizations calculate
                     and track each SKU on a monthly basis. This helps measure two aspects
                     of the forecast:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        
                           Forecast bias. If the tracking
                           signal is regularly negative, we are consistently over-forecasting;
                           if positive, we are under-forecasting. Ideally, the tracking signal should
                           fluctuate between positive and negative values. If not, forecast
                           bias should be the first thing to eliminate.

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           Suitability of the forecasting
                              method. If the tracking signal remains in a range of +4 to −4
                           (or other threshold value), then, as a rule of thumb, the method
                           should be considered to be working correctly.

                        
                        

                     
                     

                  
                  
               
               

            
            
         
         
         
         
            
            
            Forecast Exception Management

            
            
            
            
            
               
               
               
               
               
                  
                  Forecast exceptions are
                  unusual forecast results. It is important to have a process for following
                  up on these outliers.

               
               
               
               An important element to
                  build into forecasts is some cross-checks, such as adding up the
                  same worksheet values in a different way (called a check sum), because
                  unusual results could simply be errors. It is also important to
                  take a closer look at the logic of the forecast model to rule out
                  inadvertent changes.

               
               
               
               If the model appears to
                  be working correctly, the next thing to verify is the data. Check that
                  everyone providing estimates is working from the same set of assumptions.
                  (For example, if one reviewer assumes that the roofing market is
                  getting weaker while others think it is getting stronger, they will
                  provide different estimates.) Check that quantitative data do not
                  have any input errors such as too many zeros, a transposed number,
                  or data populated into the wrong time periods.

               
               
               
               In other cases, it may
                  be that the product groupings need to be rearranged. It may make
                  more sense to group all high-demand items together rather than keep
                  an entire product family together when some units are very slow
                  sellers, since these can skew the results.

               
               
               
               If the data and model appear
                  to be correct, the next thing to do is to look for explanatory factors
                  for the exceptions. It could be that the model needs to be qualitatively
                  adjusted to account for current events such as a competitor’s exit
                  from the market or a disruption in supply of a key material. Or
                  if the exception was the result of a qualitative adjustment, it
                  should be possible to determine the reasons behind the unexpected
                  adjustment. The forecast report should have a page or tab for assumptions
                  and notes that you can review.

               
               
               
               If the exceptional results
                  are deemed to be valid, then the forecast should be acted upon,
                  increasing or decreasing capacity in the necessary areas. In this
                  way the forecast can help with the organization’s agility, providing
                  more time for the changes to occur in an orderly manner. In some
                  cases, another step will be to look for the root causes of the unexpected
                  change. It may be that the product line has entered a new life cycle
                  phase, such as decline, which might result in a decision to change
                  services (e.g., use a slower shipping method) to keep the product
                  profitable.

               
               

            
            
         
         
   
      
         
         
         
         Topic 3: Logistics Demand Forecasting

         
         
         
         
            
            
            Logistics demand forecasting often starts with the
               sales forecast for the organization. It then involves translating this demand information
               into requirements for logistics facilities, staffing, equipment, and contracted services.
               In
               other cases, with the right levels of logistics staff forecasting expertise or use
               of
               specialized consultants, logistics demand trends can be directly forecast.

            
            

         
         
         
         
         
            
            
            Forecasting Using Organizational Sales Forecasts

            
            
            
            
            
               
               
               
               
               
                  
                  
                  Forecasts drive logistics capacity requirements at the
                  strategic, tactical, and operational levels.

               
               
               
               The three- to five-year forecast done for strategic
                  planning will help logistics professionals determine the overall size and number of
                  warehouses of each type and the average number and size of shipments along each shipping
                  line. This is addressed more elsewhere in this product.

               
               
               
               The annual (or somewhat longer) forecast will help
                  logistics professionals determine staffing levels and necessary equipment for warehouses
                  and
                  how much capacity to book with various carriers as part of requests for proposal or
                  invitations to tender, as is discussed elsewhere.

               
               
               
               The operational forecast for the coming weeks will help
                  logistics professionals estimate whether there will be warehouse worker capacity constraints
                  that will require overtime or temporary staffing as well as how many shipping containers,
                  truckloads, or railcars they will need for transportation in that period. The process
                  of
                  translating forecast information into the numbers of containers required involves
                  calculating the number of units that are shipped on a pallet (called a unit load)
                  and the
                  number of pallets that can fit in the given shipping container. Nonpalletized unit
                  loads
                  would be based on weight or volume limits for the selected shipping method. Cold chain,
                  hazardous material, and other specialized loads would be planned separately. Since
                  payload
                  capacity, full pallet volume and other statistics are readily available in the
                  organization’s information systems, the calculations should be relatively straightforward.
                  They may even be performed for you by the information system once you select the shipping
                  medium. The system (or logistics professional) should also factor in minimum order
                  sizes,
                  weight and volume restrictions, and so on.

               
               
               
               Note that when scheduling capacity for deliveries or
                  storage of raw materials or other manufacturing inputs, logistics professionals would
                  rely
                  on released orders from material requirements planning (MRP). MRP calculations also
                  use the
                  demand forecast as a primary input. Similarly, distribution centers would rely on
                  distribution requirements planning (DRP) outputs.

               
               

            
            
         
         
         
         
            
            
            Forecasts of Logistics Demand Using Forecasting Tools

            
            
            
            
            
               
               
               
               
               
                  
                  
                  In some cases, using sales forecasts (or forecasts
                  derived from them, such as sales mix forecasts) to project freight volumes is insufficient
                  for the time horizon being studied, for example, when an LSP is doing a long-term
                  freight
                  volume forecast and the number of clients is uncertain. In such cases, logistics
                  professionals might create (or hire consultants to create) their own forecasts or
                  a
                  forecasting model that can be reused as new data become available and new questions
                  need
                  answering.

               
               
               
               For example, to forecast long-term TL freight volume
                  trends, one might turn to historical freight data from carriers either to perform
                  time
                  series forecasting or to generate descriptive statistics and then use these data alongside
                  leading economic indicators to create an associative forecasting model (e.g., multiple
                  regression analysis). Such an analysis could be global, by country, and/or by region,
                  and it
                  could provide data for capital investment and carrier contracting decisions.

               
               
               
               Logistics professionals may also need to stay on top
                  of trends related to the products that they ship so they can start preparing in advance
                  for
                  likely increases in logistics services demand. This could be events that typically
                  generate
                  seasonal spikes, such as greater demand for avocados prior to the holiday Cinco de
                  Mayo, or
                  it could be related to current events such as a celebrity wearing a dress that the
                  organization sells, causing a spike in sales of that dress. Forecasting weather and
                  road/rail conditions is also important when working to determine transportation
                  capabilities.

               
               
               
               Other useful subjects for logistics forecasting might
                  include forecasting the rate of returns of a product for a reverse supply chain based
                  on
                  defect rates and historical return rates (along with information on those returns
                  such as
                  the number of units that tested defective versus returns for user errors, etc.), forecasts
                  of cost escalation rates for services by country and by region, forecasts of changes
                  in fuel
                  costs, or forecasts of storm surge levels for a particular region being considered
                  for a new
                  DC.

               
               

            
            
         
         
   
      
         
         
         
         Section B: Demand
            Management and Logistics Capacity

         
         
         
         
         
            
            
            
            
            
               After completing this section,
                  students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Understand the general
                     process manufacturers use to move from a strategy to more and more
                     specific plans by incorporating inputs from demand and supply

                  
                  

               
               
               
               	
                  
                  
                  List
                     the components of demand management

                  
                  

               
               
               
               	
                  
                  
                  Describe
                     the demand management process steps of planning demand, communicating
                     demand, influencing demand, and managing and prioritizing demand

                  
                  

               
               
               
               	
                  
                  
                  Indicate
                     how internal methods (e.g., production rate, trade discounts, consumer promotions)
                     and external methods (e.g., adjusting price and lead time) can help bring
                     supply and demand into balance

                  
                  

               
               
               
               	
                  
                  
                  Explain
                     how logistics demand shaping can use planning and scheduling to
                     avoid problems of shortages and oversupply while adding value for
                     end customers

                  
                  

               
               
               
               	
                  
                  
                  Explain
                     how capacity requirements influence mode, carrier, load size, and
                     route selection

                  
                  

               
               
               
               	
                  
                  
                  Plan
                     inbound and outbound transportation capacity, combined capacity,
                     and transportation throughput

                  
                  

               
               
               
               	
                  
                  
                  Translate
                     demand into warehouse mode selections

                  
                  

               
               
               
               	
                  
                  
                  Use
                     demand to determine warehouse storage, equipment, and labor requirements.

                  
                  

               
               

            
            
            
            Forecasting is a critical
               component of demand management. However, rather than just trying
               to predict demand, multiple parts of the organization should work
               to actively manage demand. Production and logistics have roles in
               prioritizing demand. These roles may involve promoting surplus goods
               or expediting orders to meet customers’ critical needs. Demand also
               involves marketing, sales, and product development in the commitments
               these parts of the organization make to create higher demand in
               each part of a product’s life cycle.

            
            
            
            Demand management is
               moreover an endeavor to get the entire supply chain involved. While
               not every logistics professional works for a manufacturer, all need
               to be involved in demand management to connect supply more intimately
               with the needs and priorities of ultimate demand. Logistics professionals
               play a key role because they are in a position to know what their
               customers will consider to be value-added logistics services. It
               is therefore your responsibility to learn about your customers’ service
               priorities and communicate this local customer expertise to other
               parts of the organization and supply chain.

            
            
            
            Demand management must
               be used to assist with capacity planning. Long-, medium-, and short-term
               forecasting provides vital information for capacity planning over
               the same horizons. At the long-term or strategic planning level,
               this involves decisions regarding the purchase or lease of facilities
               and capital equipment that have long lead times before they will
               become available. At the medium-term or aggregate planning level,
               it involves using forecasted demand to add or remove personnel,
               equipment, or shifts; to build or draw down inventory; or to arrange
               for or negotiate with subcontractors. Short-range forecasting provides
               guidance for vehicle routing and scheduling, scheduling of shifts
               at warehouses, and so on.

            
            
            
            Your organization may
               not be a manufacturer but instead a wholesaler, distributor, LSP/3PL,
               or retailer, so it may not be the entity that is making the decisions
               regarding long-term manufacturing supply. This section starts with
               a discussion of logistics forecasting. The rest of the section addresses
               strategic and aggregate planning to ensure that there will be just
               the right levels of transportation and warehouse capacity. Since
               one way to do this is to use concepts from the theory of constraints (TOC),
               this is addressed in this area as well.

            
            

         
         
         
         
   
      
         
         
         
         Topic 1: Introduction
            to and Components of Demand Management

         
         
         
         
            
            
            This area begins with a
               discussion of the basics of demand management and then goes on to
               discuss the components of demand management, as shown in Exhibit 4-8.

            
            
            
            
               Exhibit 4-8: Components of Demand Management[image: ../images/CLTDgraphic2c-12.png]
            
            
            

         
         
         
         
         
            
            
            Introduction
               to Demand Management

            
            
            
            
            
               
               
               
               
               
                  The ASCM Supply Chain Dictionary defines demand management as follows:

               
               
               
               
                  
                  1)
                     The function of recognizing all demands for goods and services to
                     support the marketplace. It involves prioritizing demand when supply
                     is lacking. Proper demand management facilitates the planning and
                     use of resources for profitable business results. 2) In marketing,
                     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.

                  

               
               
               
               The purpose of demand
                  management is to balance supply and demand. Supply and demand plans
                  should be generated multiple times:

               
               
               
               
                  
                  
                  	
                     
                     
                     For long-term strategic needs, including
                        long-term forecasting, product development, or capacity development

                     
                     

                  
                  
                  
                  	
                     
                     
                     For
                        medium-term aggregate demand forecasting and sales and operations planning

                     
                     

                  
                  
                  
                  	
                     
                     
                     For
                        short-term demand forecasting and item-level master scheduling and distribution
                        planning

                     
                     

                  
                  

               
               
               
               
                  Exhibit 4-9 provides
                  an overview of an organization’s manufacturing planning and control
                  process.

               
               
               
               
                  Exhibit 4-9: Manufacturing Planning and Control[image: ../images/CLTDgraphic2c-11.png]
               
               
               
               
               The overall process
                  shows how strategic planning leads to a production plan through S&OP
                  using inputs from the demand and supply sides of the organization:
                  the forecast, production planning, and resource planning. For logistics,
                  note that in the overview graphic for logistics planning and control
                  used in this learning system, one of the supply-side activities
                  is supply management. Supply management encompasses all of the priority
                  planning and capacity planning activities shown in Exhibit 4-9.
                  (Both the overview graphic and Exhibit 4-9 share
                  the demand-side activities as inputs.)

               
               
               
               The center column below
                  S&OP shows the supply-side outputs: the production plan guides
                  master scheduling, master scheduling produces a master production
                  schedule, and material requirements planning produces a material
                  requirements plan (the components needed for production). Information
                  on these requirements is sent to purchasing, which purchases the
                  materials as needed, and to production activity control, which guides
                  manufacturing on the shop floor. The shop floor further refines these
                  plans by placing them in a schedule and adjusting details as needed
                  given feedback on equipment and personnel capacity.

               
               
               
               The exhibit also shows
                  how both the demand and supply sides of the organization have continuing
                  input as plans grow more and more detailed and time horizons grow shorter
                  and shorter. The capacity planning activities in the exhibit are
                  more and more detailed capacity checks. If there is insufficient
                  capacity at any point, these feedback processes will prompt either
                  capacity adjustments or revisions to the production plans.

               
               
               
               Note that Exhibit 4-9 is
                  oriented toward manufacturers. Organizations that buy goods for
                  resale will likely also engage in forecasting, demand management,
                  S&OP, DRP, and purchasing but will not need to follow many of
                  the other steps in this process. In this case, the output from S&OP
                  might be called a supply plan rather than a production plan. Capacity
                  checks in such an environment will be primarily logistics-related.

               
               

            
            
         
         
         
         
            
            
            Demand Forecasting and Demand and
               Marketing Strategy

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  
                  Demand
                     forecasting is defined in the ASCM
                     Supply Chain Dictionary as “forecasting the demand for a particular
                  good, component, or service.” Long-term demand forecasts at the
                  product family level drive demand strategy. Demand forecasting at
                  the product mix level or information on actual demand is also the
                  basis of tactical and operational planning.

               
               
               
               
                  
                  Demand Strategy

                  
                  
                  
                  Demand strategy is a strategic-level planning
                     effort that is highly related to the organization’s mission, vision,
                     and competitive strategy. The idea is to ensure that the organization’s
                     products and its ability to be agile continue to relate to organizational strategy
                     and continue to enable fast response to demand.

                  
                  
                  
                  Common demand strategies include growth,
                     portfolio, positioning, and investment strategies.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Growth strategies are good for products
                           at the beginning of their life cycles. They relate to developing
                           core competencies or partnering with or acquiring organizations
                           with the needed core competencies to provide competitive advantage.
                           This may be access to new markets, new customer segments, or new technological
                           advantages.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Portfolio
                           strategies involve multiple products and services that are complementary
                           to the organization’s mission. These strategies involve shortened design
                           stages and managing the products’ various life cycles holistically
                           and within quality and service goals at a competitive cost. Portfolios
                           can be diversified to meet various customer segment requirements
                           and modified to adapt to changing demand patterns.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Positioning
                           strategies use postponement, geographic positioning, and agile manufacturing
                           and logistics to place the highest-value products (in terms of profitability)
                           in just the right channels, meaning that logistics networks will
                           be continually changing and adapting.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Investment
                           strategies involve determining which channels deserve greater capital investment
                           for the organization’s portfolio of assets to thrive.

                        
                        

                     
                     

                  
                  
               
               
               
               
                  
                  Marketing Strategy

                  
                  
                  
                  
                     Marketing strategy relates
                     to product, price, place, and promotion decisions, called the four
                     Ps of marketing. How the distribution channels are structured is
                     also part of marketing strategy.

                  
                  
               
               

            
            
         
         
         
         
            
            
            Demand and Supply Planning

            
            
            
            
            
               
               
               
               
               
                  The ASCM Supply Chain Dictionary defines demand planning as

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

                  

               
               
               
               The definition makes it
                  clear that demand planning is primarily forecasting. However, demand
                  planning is listed separately from demand forecasting here because
                  it is important to distinguish that this process needs proactive
                  planning at strategic and tactical levels. This includes determining
                  how to best forecast and with whom to share these forecasts (or
                  deciding when to request and use forecasts prepared by other supply
                  chain partners). Thus demand planning also includes sales planning
                  and plans for customer relationship management (CRM) and customer
                  service management (CSM).

               
               
               
               
                  
                  Supply Planning

                  
                  
                  
                  
                     Supply plans indicate the organization’s
                     capabilities and detail resources required to meet the demand plan,
                     including capacity, costs, quality levels, and levels of responsiveness
                     and flexibility. Supply plans are based on operations data, master
                     files, and historical supply data. The supply plan is really a set
                     of plans:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        
                           Production plan. The production
                           plan states, in relevant units, the authorized aggregate production
                           output by product family as a monthly rate, usually for at least
                           12 months. This plan is used to calculate the cost of inventory
                           called for in the supply plan. It also provides details on production
                           load for resource capacity calculations.

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           Resource plan. This is an aggregate
                           look at resource sufficiency: equipment, facilities, labor, supplier
                           capacity, etc.

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           Inventory plan. This function
                           sets period target ending inventory for comparison against actual
                           minimum/maximum values and reviews policy exceptions.

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           Distribution requirements plan. The
                           distribution requirement plan specifies logistics resources and
                           warehouse and transportation capacities needed to move inventory
                           through planned channels.

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           Performance metrics and targets. Specifying
                           targets enables control.

                        
                        

                     
                     

                  
                  
                  
                  
                     
                     Production and resource planning are explained
                     more next. Inventory and distribution requirements planning are
                     covered elsewhere.

                  
                  
                  
                  
                     
                     
                     
                        
                        Production Planning
                        

                     
                     
                     
                     Production planning starts
                        with strategy. There are three basic strategies:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           The chase strategy increases or decreases
                              production to match seasonal or other fluctuations in demand, which
                              could require a flexible workforce and can also mean idle equipment
                              at times.

                           
                           

                        
                        
                        
                        	
                           
                           
                           The
                              level strategy produces a steady amount through the year, meaning
                              that inventory accumulates during low demand periods and is expected
                              to be in demand during peak seasonal or other high demand periods.

                           
                           

                        
                        
                        
                        	
                           
                           
                           The
                              hybrid strategy mixes the chase and level strategies, for a plateau-like
                              effect, perhaps by adding a second shift or outsourcing some work
                              for part of the year near seasonal peaks.

                           
                           

                        
                        

                     
                     
                     
                     After selecting the production
                        strategy, production rates are planned. There will be a minimum
                        and maximum production rate range for profitability. (Too low means
                        that overhead is greater than profit; too high means that overtime
                        and quality issues destroy profit.) Production rates are calculated
                        as follows, using an example of 12 months with a forecast of 100,000
                        units, beginning inventory of 10,000 units, and ending inventory
                        of 12,000 units:

                     
                     
                     
                     
[image: ../images/4b-1_01_id179K9G00X5Z_mathml_57_width_1254.png]


                     
                     
                     
                     Finally, production targets
                        are established and operations are monitored and controlled by reviewing
                        variance from goals.

                     
                     
                  
                  
                  
                     
                     
                     
                        Resource
                           Planning
                        

                     
                     
                     
                     Resources
                        include equipment, labor, and any other productive capability that
                        adds value through production, storage, or shipping. Resources are
                        always limited. The ASCM Supply
                           Chain Dictionary defines resource
                           planning (also called resource requirements
                           planning) as

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

                        

                     
                     
                     
                     Resource
                        planning requires a detailed production plan with a unit of measure
                        that everyone agrees to use, aggregate capacity resource profiles
                        for major production entities or bottleneck areas, a bill of resources,
                        and a process for getting the resource plan approved.

                     
                     
                     
                     Aggregate capacity resource
                        profiles provide high-level information on load (the amount of work
                        a given resource needs to do over a period). The bill of resources
                        lists all the resources needed to make one unit of the average product
                        in a product family. In other words, it is an ingredient list of
                        components and subcomponents. Moreover, it defines how much of each
                        ingredient to use in relevant units of measure—including process
                        units such as hours. Since this is a product family bill of resources,
                        it may be a composite related to average usage rather than a bill
                        for an actual item.

                     
                     
                     
                     
                        Exhibit 4-10 shows
                        an example of a resource profile, a bill of resources, and a resource plan
                        for one month (January).

                     
                     
                     
                     
                        
                        
                        

                        
                        
                        
                        
                        
                           
                           
                              
                              Exhibit 4-10: Resource Profile, Bill of Resources, and One-Month Resource Plan
                              
                              
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Resource Profile

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Units

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Capacity (Monthly)

                                       
                                       
                                    
                                    

                                 
                                 
                              
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Condenser shop

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Hours

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       35,000

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Refrigerator
                                          body shop

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Hours

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       28,000

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Refrigerator
                                          door shop

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Hours

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       20,000

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Accessories shop

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Hours

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       20,000

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Final assembly

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Cubic meters

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       8,000

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                     
                     
                        
                        
                        

                        
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Bill of Resources

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Units

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Product Family
                                          A

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Product Family
                                          B

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Product Family
                                          C

                                       
                                       
                                    
                                    

                                 
                                 
                              
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Condenser shop

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Hours

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       3

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       5

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       5

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Refrigerator
                                          body shop

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Hours

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       5

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       6

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Refrigerator
                                          door shop

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Hours

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       4

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       5

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Accessories shop

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Hours

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Final assembly

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Cubic meters

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       0.6

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1.2

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1.4

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                     
                     
                        
                        
                        

                        
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Resource Plan

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Units

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Product Family
                                          A

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Product Family
                                          B

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Product Family
                                          C

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Total Load

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Capacity

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Load vs. Capacity

                                       
                                       
                                    
                                    

                                 
                                 
                              
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       January production
                                          plan

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Units

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       5,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       1,500

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       8,500

                                       
                                       
                                    
                                    
                                    
                                    	 
                                    
                                    
                                    
                                    	 
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Condenser shop

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Hours

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       15,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       10,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       7,500

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       32,500

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       35,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       92.9%

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Refrigerator
                                          body shop

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Hours

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       10,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       10,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       9,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       29,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       28,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       103.6%

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Refrigerator
                                          door shop

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Hours

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       5,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       8,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       7,500

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       20,500

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       20,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       102.5%

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Accessories shop

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Hours

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       10,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       4,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       3,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       17,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       20,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       85.0%

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Final assembly

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       Cubic meters

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       3,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2,400

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       2,100

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       7,500

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       8,000

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       93.8%

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                     
                     
                        Source: Adapted from David F. Ross, Distribution Planning and Control—Managing
                              in the Era of Supply Chain Management, third edition.
                        

                     
                     
                     
                     The resource plan uses
                        the resource profile and the bill of resources to calculate the load
                        for each production area. Note that most areas are measured in hours
                        but final assembly is measured in cubic meters. Any unit of measure
                        that adequately captures the resource requirements could be used.

                     
                     
                     
                     A resource capacity calculation
                        can be shown in a bar chart on a period-by-period basis, such as
                        the 18-month capacity analysis in Exhibit 4-11.
                        Here the released load is firm orders, while the planned load could
                        still fluctuate since these are based on forecasts.

                     
                     
                     
                     
                        Exhibit 4-11: Bar Chart for Capacity[image: ../images/CLTDgraphic2c-14.png]
                     
                     
                     
                     
                     Note
                        that Month 2 exceeds the maximum capacity of 9,000 units, and changes
                        in timing, production volume, or available resources (e.g., outsourcing)
                        need to be made. Significant underloading would also need some response.

                     
                     
                     
                     Supply plans are brought
                        into alignment with demand plans using the S&OP process. Once
                        that is done, more detailed production planning occurs with master
                        production scheduling and material requirements planning.

                     
                     
                     
                     Demand management is implemented
                        by logistics professionals and many others at the organization by
                        adjusting a number of levers (things that are in one’s power to change
                        and may influence or redirect demand): price, lead time, production
                        flexibility, and adjusting safety stock levels. These and other
                        levers are an important part of the demand management process.

                     
                     
                  
               
               

            
            
         
         
   
      
         
         
         
         Topic 2: Demand
            Management Process

         
         
         
         
            
            
            Demand management seeks
               a balance between the extremes of trying to satisfy every demand
               and satisfying only demand that current capacity can handle.

            
            

         
         
         
         
         
            
            
            The Process

            
            
            
            
            
               
               
               
               
               
                  The ASCM Supply Chain Dictionary defines
                  the demand management process as

               
               
               
               
                  
                  a process that weighs both customer demand and a firm’s output
                     capabilities and tries to balance the two. Demand management is made up of planning
                     demand,
                     communicating demand, influencing demand, and prioritizing demand.

                  

               
               
               
               The four elements of
                  demand management are shown in Exhibit 4-12.

               
               
               
               
                  Exhibit 4-12: Demand Management Process[image: ../images/CLTDgraphic2c-15.png]
               
               
               

            
            
         
         
         
         
            
            
            Planning Demand

            
            
            
            
            
               
               
               
               
               
                  Planning demand includes
                  forecasting activities but moves beyond it because it is a plan
                  for action based partly on those forecasts. A key output is the
                  demand plan, which is usually a rolling 18-month plan. (A new month
                  is added to the end as each month passes.) Consensus on the demand
                  plan is achieved through the S&OP process. Here we’ll look at
                  the end results to see what the plan might look like. Exhibit 4-13 shows
                  a demand plan dashboard, a graphical presentation of the demand
                  plan. It is presented in units, but other audiences such as finance
                  might get more benefit from a presentation in monetary units.

               
               
               
               
                  Exhibit 4-13: Example of a Demand Plan Dashboard—Units[image: ../images/CLTDgraphic2c-16.png]
               
               
               
               
               The exhibit illustrates
                  how the revisions from the prior month’s demand plan version can
                  be made obvious so that significant changes can be discussed.

               
               
               
               Note that to be complete,
                  dashboards such as these need the following information for demand
                  consensus review:

               
               
               
               
                  
                  
                  	
                     
                     
                     Historical demand data for the past three
                        months or more, with relevant key performance indicators and metrics
                        for each month

                     
                     

                  
                  
                  
                  	
                     
                     
                     Demand
                        plan for the next 18 months or more (For each month, this shows
                        the demand plan [actual request for product] and, for comparison,
                        the demand that is necessary to achieve the goals in the organization’s
                        business plan.)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Prior
                        demand plan (Since plans are revised each month, the prior demand
                        plan can be shown as a point of reference and reasons for significant
                        changes can be discussed.)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Assumptions
                        made in demand numbers and pricing assumptions

                     
                     

                  
                  
                  
                  	
                     
                     
                     Planned
                        branding, marketing, and sales promotions activities

                     
                     

                  
                  
                  
                  	
                     
                     
                     Key
                        risks, opportunities, economic trends, and competitor actions

                     
                     

                  
                  
                  
                  	
                     
                     
                     Subtleties
                        and uncertainties

                     
                     

                  
                  
                  
                  	
                     
                     
                     Events
                        and issues of note and decisions that were made

                     
                     

                  
                  

               
               
               
               This nuanced information
                  is what enables decision making regarding the true state of demand,
                  plan feasibility, actions that need to be planned and executed to
                  meet the plan and business objectives, and actions to keep supply
                  and demand in sync.

               
               

            
            
         
         
         
         
            
            
            Communicating Demand

            
            
            
            
            
               
               
               
               
               
                  Communicating demand
                  starts with demand sensing, which involves collecting data on actual
                  sales or actual orders. In the B2C environment, these are primarily
                  point-of-sale (POS) data; in the B2B world, these are primarily
                  open orders per period. Performing analysis on the POS data or open
                  orders (versus what was forecast) can provide information on what
                  will be in surplus or subject to scarcity in the near future. Analysis
                  can also reveal opportunities for later demand management steps, such
                  as noticing that customers who order this item usually order some
                  additional materials (and then offering these materials to those
                  customers) or that a particular customer orders on a regular basis
                  (and then offering to automatically fill this order as an ongoing
                  subscription).

               
               
               
               
                  Communicating demand also
                  involves ensuring that everyone in the organization and external
                  partners get the same information on demand. The demand plan dashboard just
                  presented can serve as a useful communications tool. In general,
                  communicating demand requires communicating soon to avoid surprises,
                  structuring communications in a process to ensure that they occur
                  (this is especially needed to ensure that bad news is communicated),
                  and tailoring what is presented to fit the given audience, such
                  as presenting supply jargon to supply professionals but excluding
                  the jargon and presenting just the essential supply findings to
                  other parties. A demand manager is an organizational position that
                  helps present the same information to supply, demand, finance, and
                  executives in formats they can easily digest. This position can
                  also be used as an intermediary between these parties. In other
                  organizations, the chief operating officer fills this role.

               
               

            
            
         
         
         
         
            
            
            Demand Shaping

            
            
            
            
            
               
               
               
               
               
                  
                  Demand shaping involves
                  finding ways to balance supply with demand and it can take two basic
                  forms: influencing demand and managing and prioritizing demand,
                  as are discussed next. Note that another way to distinguish among
                  methods of demand shaping is called external balancing versus internal
                  balancing. External balancing works to change customer behavior
                  while internal balancing works to change organizational behavior.
                  These terms are also discussed more next.

               
               
               
               
                  
                  Influencing
                     Demand

                  
                  
                  
                  Here
                     we introduce the general concept of influencing demand, which applies
                     to many areas of the organization, including logistics. Some logistics-specific
                     methods of shaping demand are presented elsewhere.

                  
                  
                  
                  Influencing demand describes
                     the activities of product and brand management, marketing, and sales
                     to convince customers to purchase the organization’s products and
                     services so that the organization’s business objectives are met
                     or exceeded. Another aspect of influencing demand is the requirement
                     for the demand side of the organization to influence the product
                     development, logistics, and supply sides of the organization to
                     recognize and support actual customer expectations and requirements.

                  
                  
                  
                  Changing how customers
                     order goods can also be called external balancing, and the two key
                     external balancing levers that most organizations have are adjustments
                     in price and adjustments in lead time.

                  
                  
                  
                  If demand outstrips supply for a given
                     item, a price increase can help turn customers to items that are
                     in surplus if the organization offers substitutes. Substitution
                     may also need to occur because there is limited capacity and not
                     all customers can be served without making full use of other products
                     in a product family. Dell has long used these price change (and
                     lead time) tools on its website to steer demand toward items they want
                     to sell more of. Increasing the price in times of high demand will
                     also ration demand to those customers who place a high priority
                     on getting the good or service soon even if they have to pay more.
                     (The practice also increases profits.) On the other hand, if a product
                     is in surplus, offering a two-for-one deal or a similar type of promotion
                     could help get this inventory moving. A promotion or discount could
                     also be timed to a period in which there is excess production capacity.
                     Changing bulk purchase discounts, payment terms, or credit approval
                     policies are similar external balancing tools. Dynamic pricing systems
                     can also be used. These systems influence demand by focusing on
                     maximizing sales of available inventory at positive contribution
                     margins (the sales price minus variable costs), especially in situations where
                     the inventory cannot be stored. For example, empty airline seats
                     or hotel rooms still consume variable costs, while heavily discounted
                     seats/rooms with a positive contribution margin still improve the
                     bottom line.

                  
                  
                  
                  Increasing
                     lead times (or convincing customers to delay purchases or wait in
                     some form of queue) will provide more time for supply to achieve
                     balance, and this is one lever that may be up to logistics professionals
                     to determine how and when to exercise. Of course, use of these price
                     and lead time levers can also turn the customer toward competitors,
                     so other internal levers exist. For example, sales and marketing
                     can create sales force incentives.

                  
                  
                  
                  The key to using these external and internal
                     balancing tools effectively—while also avoiding the bullwhip effect—is
                     to communicate when they will be occurring up and down the supply
                     chain or, better yet, to collaborate with others in the implementation of
                     these tools.

                  
                  
                  
                  Succeeding
                     at influencing demand requires not only generating and executing marketing
                     and sales initiatives but also determining if the plans are working
                     as intended. If they are not, there must be a process in place to
                     make course corrections during execution.

                  
                  
                  
                  Positively influencing demand over the
                     longer term involves developing products that customers are actually
                     demanding, settling on the most profitable product mix, 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 (i.e.,
                     the four Ps). Similarly, new product introductions or decisions
                     to drop a product line can be timed to minimize the impact on other
                     lines.

                  
                  
                  
                  The other aspect
                     of influencing demand over the longer term 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.

                  
                  
               
               
               
               
                  
                  Managing
                     and Prioritizing Demand

                  
                  
                  
                  Managing
                     and prioritizing demand requires an organization- or supply-chain-wide view.
                     It involves optimizing demand across the system as measured by optimum organizational
                     profit, demand volume, sales revenue, and customer service (including customer
                     retention). This is a management activity because it involves setting
                     and enforcing policies to promote this optimization process; it
                     is a prioritization activity because it involves making judgment
                     calls to decide what actions or customers are more important than
                     others when capacity is limited.

                  
                  
                  
                  Organizations must manage and prioritize
                     demand because sales will differ on a regular basis from planned
                     demand in total volume and/or in product mix and because supply
                     often cannot produce products in the exact timing and mix specified by
                     the demand plan.

                  
                  
                  
                  The
                     primary internal balancing levers used to manage and prioritize
                     demand include production flexibility and inventory holding. Production
                     flexibility involves small batches of production with fast changeovers
                     to produce more units that are in demand now. It can also involve
                     prioritizing production to increase supply of certain items or prioritizing
                     items within distribution systems to better distribute supply to meet
                     demand. For inventory, safety stock helps manage supply-demand mismatches by
                     preventing stockouts or avoiding lead time issues; however, it only
                     makes oversupply situations worse.

                  
                  
                  
                  Management and prioritization from an external
                     balancing perspective can be based on customer segmentation strategies,
                     such as fulfilling orders to the most valuable customer segments
                     first. Another example is rationing supply so that each warehouse or
                     retailer receives a portion of the full demand but no entity goes
                     without a certain minimum amount.

                  
                  
                  
                  
                     Exhibit 4-14 shows
                     some situations in which managing and prioritizing demand is usually
                     necessary.

                  
                  
                  
                  
                     
                     
                     

                     
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 4-14: Situations Requiring Managing and Prioritizing Demand, with Examples
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Situation

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Example

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    When conducting
                                       sales and operations planning and the supply organization cannot meet
                                       the demand plan without changes

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    An organization
                                       with fixed capacity starts with high demand for a hot-weather product.
                                       Rather than continuing to try to predict the weather far in advance,
                                       they prioritize how product is distributed so that only areas currently
                                       forecasting or experiencing hot weather are allocated more product,
                                       reducing capacity pressures and inventory.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    When the demand
                                       plan overstates actual demand and plan changes will impact sales revenue
                                       and product costs

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    An organization
                                       resolves a situation of too much supply by establishing a series
                                       of decision points (time fences) for production activities such as
                                       purchasing so that some operations can be delayed until more accurate
                                       demand information is available. Demand that does not materialize
                                       prior to the decision points can be de-expedited (moved back in
                                       the production queue).

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    When the demand
                                       plan understates actual demand and plan changes will impact sales revenues
                                       and product costs

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    An organization
                                       resolves a situation of insufficient capacity by extending its planning
                                       horizon to give it more time to increase capacity. For current capacity
                                       issues, it provides incentives for substitute products and offers
                                       discounts for taking delayed delivery.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    When a large,
                                       one-time sales opportunity arises that would impact regular orders, production
                                       costs, and profits

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    An organization
                                       prioritizes unusual demand by establishing a process of recognizing
                                       and reporting the demand as soon as possible to allow time for decision
                                       making. Both demand and supply organizations develop cost and profit
                                       margin projections for accepting and rejecting the order, including
                                       impact on customer service. Sales management determines how to prioritize
                                       other orders if the order is accepted.

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
                  
                  Since
                     demand management and prioritization often involve thinking beyond
                     an internal department focus or beyond a single organizational focus,
                     successful implementation can benefit significantly by setting a
                     clear prioritization policy and implementing it using a structured
                     process.

                  
                  
                  
                  
                     
                     
                     
                        Policy
                        

                     
                     
                     
                     A demand management and prioritization
                        policy should clearly indicate who is allowed to manage and prioritize
                        demand. Responsibility should be restricted to appropriate management
                        levels in the supply organization based on the level of risk. Decisions
                        involving strategic risks should be made at the executive level. Responsibility
                        for lower-risk decisions should be kept at the management level
                        rather than delegated to individual salespersons. Delegating responsibility
                        to salespersons tends to create conflicts, because each salesperson
                        will naturally be motivated to act in his or her own customers’
                        best interests.

                     
                     
                     
                     Another
                        policy best practice is to retain this management and prioritization
                        power in the demand side of the organization rather than delegating
                        it to the supply organization. While the supply side will provide
                        critical input to decisions regarding the cost of changing ongoing
                        production or logistics activities, the demand side has information
                        on valuable customers and sales goals.

                     
                     
                  
                  
                  
                     
                     
                     
                        Process
                        

                     
                     
                     
                     A demand management and
                        prioritization process rests on a couple of principles. One is that
                        the organization’s intent is to fulfill demand—including demand
                        for logistics services—whenever it is feasible and will result in
                        an increase in marginal profits, even when this demand comes from
                        unexpected sources. The prioritization process involves finding
                        ways to make the unexpected orders become profitable if they would not
                        be otherwise. This may involve fulfilling the demand later than
                        is requested, delaying other orders to meet the customer’s request
                        date, or offering a substitute product. An order is declined only
                        if these measures are not acceptable to the customer or the sales
                        manager. An exception process helps to get these orders analyzed
                        as soon as possible, while multiple options still exist.

                     
                     
                     
                     Another principle is that
                        when demand differs from supply within a time frame that allows
                        for supply capacity or operations to be changed without impact on
                        costs or other operations, prioritization is not necessary. It is
                        the supply organization’s responsibility to manage supply in this
                        case. When there are cost implications to a supply and demand mismatch
                        (such as when materials have already been purchased or work is in
                        process), management and prioritization are necessary to match supply.

                     
                     
                     
                     The process should involve
                        determining ways to delay commitments until the last possible moment
                        so that prioritization is necessary for as few operations as possible. This
                        is done by delaying decisions until a necessary decision point,
                        or time fence, is reached, such as when raw materials need to be
                        ordered. (These decision points are called “time fences” in operations.)
                        Decision points such as time fences should be set in consultation
                        with both the supply and demand sides of the organization so that they
                        reflect the optimum balance between production costs and customer
                        service. Other decision points may include strategic decisions,
                        such as whether to increase warehouse capacity. Delaying such a
                        decision until it is absolutely necessary to start the related capital
                        projects will allow the organization to have the most current information
                        on projected demand.

                     
                     
                  
               
               

            
            
         
         
   
      
         
         
         
         Topic 3: Logistics Demand Shaping

         
         
         
         
            
            
            While many of the tools for demand shaping discussed
               elsewhere could be used by logistics (such as adjusting lead time to allow more time
               for
               supply to catch up to demand), others, such as changing the price of a product, are
               decisions made by marketing or other professionals in the organization. Here we focus
               on
               levers available to logistics professionals, first from a B2B perspective and then
               from a
               B2C or e-commerce perspective.

            
            

         
         
         
         
         
            
            
            B2B Logistics Demand Shaping

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  
                  Logistics demand shaping for B2B customers often
                  depends on having good data on a customer’s purchasing, shipment, and payment timing
                  history
                  so that options that the customer is most likely to accept can be offered first. For
                  example, if a customer orders the same item every six weeks, a shipment delay beyond
                  the
                  normal arrival time may cause a business disruption, but early shipment or shipping
                  two
                  units in one period and none the next might be acceptable, especially if payment timing
                  is
                  not also required to be early. When it is unclear what customers would and would not
                  find to
                  be a hardship, give them a call and ask.

               
               
               
               Whether or not to offer an incentive (and, if so,
                  what type and amount) is also an important consideration. Some customers may not need
                  incentives to accept shipment timing differences when the differences do not affect
                  their
                  operations. In fact, since B2B organizations often have greater variability in sales
                  (e.g.,
                  fewer customers ordering), a subset of them may actually want to delay an order for
                  a raw
                  material while they have a lull in their orders. In such cases, delaying a shipment
                  to
                  reduce a capacity constraint could be seen as a win-win. Another example of a win-win
                  would
                  be to offer a discount for orders placed in the morning before a particular deadline
                  so that
                  more loads can be planned together and some can be consolidated. This might also help
                  ensure
                  that warehouse staff is fully utilized. In other cases, incentives will need to be
                  provided
                  to influence customers to accept a deal that will entail some cost to them (e.g.,
                  inventory
                  carrying cost). An example is an incentive to accept shipments during nonpeak periods
                  or
                  forgo the incentive and get the shipment at peak periods. The incentive should be
                  priced so
                  that any additional costs the customer bears are roughly equivalent to the discount.

               
               
               
               In other cases, logistics professionals can shape
                  demand by providing solutions to the transportation cost pressures their customers
                  are
                  under. Freight markets move in a cycle from relative surplus to scarcity due to the
                  effects
                  of seasonality, so one way to promote shipping during less expensive seasons is to
                  offer
                  forward shipping services. In the B2B world, this would involve moving goods to a
                  warehouse
                  near the customer and storing the goods there for them so only the local delivery
                  portion of
                  the journey needs to be done during the peak season.

               
               

            
            
         
         
         
         
            
            
            B2C/E-Commerce Logistics Demand Shaping

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  
                  
                  
                  
                  Shipping small packages directly to multiple
                  customers is logistically very challenging to do in a cost-effective manner. Passing
                  on
                  these costs directly to customers may or may not be possible, since competitors may
                  be
                  offering free shipping or flat rates for various shipping options. In general, organizations
                  may offer store credit or discounts as incentives for customers to choose less expensive
                  shipping methods such as slower shipping. Since the customer is choosing, those who
                  place
                  less value on timing can choose the discount or credit and those who place priority
                  on
                  getting things sooner can choose the costlier option. Failing to offer incentives
                  is less
                  likely to work with B2C customers.

               
               
               
               
                  When organizations offer a free shipping subscription
                  service, such as Amazon Prime, they are using it primarily as a marketing tool to
                  generate
                  more transactions per customer and more customer loyalty. However, the overall benefit
                  of
                  more customer revenue plus subscription fees needs to outweigh the program’s cost
                  over the
                  long run. A key to keeping such programs profitable is to use demand shaping to reduce
                  the
                  overall cost of logistics services. One thing that Amazon is doing to manage these
                  costs is
                  to provide consumers with incentives to put items in their shopping carts but wait
                  to pay
                  for and start shipping the items until they have reached a “full basket” amount, defined
                  as
                  enough items to fill one of their standard-size boxes.

               
               

            
            
         
         
   
      
         
         
         
         Topic 4: Transportation and Capacity
            Planning

         
         
         
         
            
            
            Transportation capacity can refer to an organization’s
               total transportation requirements during a particular time period versus the transportation
               available during that time. It can also refer to the capacity limitations of a particular
               vehicle type. On a macroeconomic scale, transportation capacity includes water shipping
               port
               capacity, air runway and gate capacity, rail capacity, and road capacity, which includes
               road congestion and infrastructure quality. While these macroeconomic capacity issues
               are
               difficult or impossible to do anything about in the short term, in the long term
               organizations can change where they operate and the routes they select to take advantage
               of
               better infrastructure or minimize negative issues whenever possible.

            
            

         
         
         
         
         
            
            
            Using Constraints Management to Optimize
               Capacity

            
            
            
            
            
               
               
               
               
               
                  
                  When a specific element of logistics capacity is the
                  constraint on total output, constraint management principles from the theory of constraints
                  can be used to improve the total output of the logistics network. Constraint management
                  principles use what are called the five focusing steps: identifying the constraint
                  (the
                  bottleneck), exploiting the constraint (making quick improvements to improve the
                  constraint’s throughput using existing resources), subordinating the constraint (ensuring
                  that support processes or other activities are arranged to get the constraint what
                  it needs
                  to stay fully utilized), elevating the constraint (adding capacity to the constraint,
                  for
                  example, with additional contracts or by making capital investments), and repeating
                  the
                  process to identify the new constraint (there is always at least one constraint on
                  total
                  throughput).

               
               
               
               Let’s take an example of a warehouse’s capacity as a
                  bottleneck caused by a decision to offer a new product line while still working to
                  sell off
                  the old product line. A warehouse nearing full capacity becomes very inefficient,
                  and
                  warehouse efficiency and utilization metrics should help identify this as a logistics
                  bottleneck. Exploiting the constraint could involve finding mostly empty bays and
                  consolidating them, eliminating obsolete inventory, and so on. It could also involve
                  some
                  demand shaping activities such as selecting slower shipping modes for inbound items
                  in less
                  demand or ordering some materials in LTL rather than TL (at higher cost). Subordinating
                  the
                  constraint could involve things like ensuring that picking and outgoing shipping are
                  fully
                  staffed and working efficiently. Elevating the constraint might take the form of acquiring
                  more space or more dense storage options. These could be temporary solutions if the
                  capacity
                  issue is projected to be resolved soon, or they could be permanent solutions if capacity
                  is
                  projected to remain a long-term problem. Once warehouse capacity is no longer the
                  constraint, repeating the process would involve looking for the next constraint in
                  the
                  logistics network.

               
               

            
            
         
         
         
         
            
            
            Transportation Decisions (Mode, Carrier, Route Selection)

            
            
            
            
            
               
               
               
               
               
                  
                  Capacity affects some modes of transportation more than
                  others. Trucks have limited capacity (truckload or less-than-truckload), and air is
                  even
                  more limited. For example, transportation of low-cost, bulky items such as gravel
                  is only
                  cost-effective for truck transport over very short distances. Ocean or inland waterway
                  transportation or rail transport is needed to handle the capacity constraints of such
                  materials. These modes, as well as pipeline, have much higher capacity but with the
                  tradeoffs that they are slower and less accessible to the final destination. Under
                  normal
                  conditions, mode selection is more dependent on factors such as cost and lead time
                  requirements than on capacity. When there are port strikes or other regional issues,
                  these
                  types of capacity constraints could lead to higher prices or, in the worst case, to
                  the need
                  to select a different mode or to get the customer to agree to additional lead time.

               
               
               
               
                  A primary driver for transportation capacity planning
                  is lot sizing. A given lot size creates a constraint on the options available to logistics
                  professionals arranging transportation, but the lot-sizing decision cannot focus solely
                  on
                  minimizing LTL/LCL loads, since it is the total cost to the logistics network that
                  needs to
                  be the deciding factor. Logistics professionals work within these policy constraints
                  to
                  determine the number of loads that will be needed per route and which routes to use.
                  This
                  calculation might start out at a high level by determining TL- or CL-equivalent loads,
                  and
                  then the analysis will be refined.

               
               
               
               Capacity plays into selecting among LTL, TL, LCL, CL,
                  parcel, intermodal, container freight station (CFS), and multi-stop mode options.
                  The chief
                  constraint management lever for transportation capacity under the control of logistics
                  is
                  minimizing LTL and LCL loads while adhering to lot-sizing constraints. Having more
                  full
                  loads reduces the necessary number of shipments and may reduce constraints on capacity.
                  The
                  idea is to use as much available capacity from each shipment as possible, which may
                  require
                  making some tradeoffs with lead time when this is cost-effective. For example, a multi-stop
                  mode may allow other organizations to make your LTL into a TL for much of the journey.

               
               
               
               Once a general plan is developed for the number of
                  full and partial loads per route, the logistics professional can determine how much
                  transportation capacity will need to be procured, but some constraints need to be
                  considered
                  at this point. For example, there are restrictions on the types of vehicles that can
                  enter
                  some cities in Europe, including zones that prohibit vehicles below a certain environmental
                  cleanliness rating. Similar restrictions may be in place for hazardous materials (e.g.,
                  what
                  can and cannot be loaded into a container) or to prevent traffic congestion or
                  truck/aircraft noise during certain hours. These and many similar restrictions, such
                  as
                  fragile product requirements, may require revising plans, such as shipping by a different
                  mode, shipping only by full containers, or use of allowed vehicles but with different
                  shipping capacity. Once plans are feasible, it is time to select carriers for planned
                  routes.

               
               
               
               
                  When it comes to carrier selection, most carriers in the
                  same mode provide very similar services at a competitive price, making transportation
                  a
                  commodity that is more or less indifferent to the carrier. This being said, carrier
                  reliability (on-time pickup and dropoff, damage-free, etc.) can have differences,
                  and the
                  desire to go with known carriers with proven reliability may make capacity rise to
                  a higher
                  priority than it would otherwise hold. If these trusted carriers have limited capacity,
                  it
                  may be best to negotiate longer-term commitments with a core set of preferred carriers
                  based
                  on forecasted transportation requirements. Providing estimated loads in your annual
                  bidding
                  process will help with negotiations and will provide these carriers with sufficient
                  time to
                  ramp up to hire and train additional drivers or buy more equipment. To minimize capacity
                  risks, it is best to have several providers in your list of trusted carriers and then
                  to
                  contract with enough of them to provide the forecasted capacity. The number of providers
                  you
                  will need will differ between times of low and high transportation demand. After these
                  contracted and/or pre-approved sources are exhausted, organizations often turn to
                  freight
                  auction services to quickly add capacity.

               
               
               
               In other cases, there may already be high demand for
                  carriers or for loading or unloading port access for a particular origin-destination
                  pairing. Even when there is available capacity on containerships, for example, those
                  ships
                  that have fewer stops between the origin and your port of call (and thus deliver faster)
                  will be more valuable to you. Getting a competitive price in this case requires booking
                  capacity as soon as possible, which is another reason a prompt sales forecast can
                  sometimes
                  provide a competitive advantage. Of course you have to work with whatever forecast
                  you are
                  given when you are given it. Also, there is the tradeoff that forecasts that come
                  early
                  necessarily rely on less certain information and therefore may be less accurate.

               
               
               
               You might also ship a product early because you know that
                  a certain time of the year has higher shipping rates due to high demand. For example,
                  you
                  might want to ship earlier than normal in advance of the Christmas or Chinese New
                  Year peak
                  seasons. This will make sense if the storage cost, obsolescence risk, and risk of
                  a poor
                  forecast are acceptable tradeoffs to reduce some of the risk of high cost or carrier
                  unavailability. A related example is sending materials to a port that is farther away
                  from
                  its inland destination because you know that the closest port has high congestion
                  at a given
                  time of the year and would add several days to the delivery time even after the additional
                  road transport is factored in. In some cases, transportation management systems include
                  available transportation and port capacity in their business logic.

               
               
               
               Route selections run into capacity issues with traffic or
                  port congestion. The average delivery times need to account for such congestion so
                  that
                  adjusted delivery times can be factored into the decision.

               
               

            
            
         
         
         
         
            
            
            Inbound and Outbound Capacity

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  
                  
                  
                  
                  To calculate inbound capacity requirements, an MRP system
                  can be used to prepare a time-phased report on what supplies are needed in which quantities
                  from which suppliers. This is called backscheduling, and it can allow logistics
                  professionals to book transportation capacity earlier than would otherwise be possible.
                  When
                  planned requirements are also included based on forecasts of demand, planners can
                  even
                  determine when it is cost-effective to ship some orders early to achieve TLs, CLs,
                  full
                  railcars, and so on.

               
               
               
               
                  
                  
                  Inbound capacity is often the responsibility of the
                  suppliers. When this is the case, it is similar to outbound capacity from the supplier’s
                  perspective. However, if you take the initiative to research the difference in prices
                  between the delivered rate and a base rate, you can determine if you have the capability
                  to
                  handle that transportation at a lower cost. If so, you can pass on some of these cost
                  savings to the supplier.

               
               
               
               To calculate outbound capacity utilization, planners
                  total the shipping requirements forecasts for the year and compare this against outbound
                  shipping capacity. When the organization owns its own shipping fleet, this step is
                  especially needed, as it can help justify the acquisition or liquidation of trucks,
                  trailers, or railcars. Note that owned capacity should maximize utilization such as
                  by
                  operating multiple shifts or efficiently planning routes before resorting to the decision
                  to
                  increase the number of assets.

               
               
               
               Even when organizations only contract for transportation,
                  planners can use the information to arrange for long-term shipping contracts or to
                  negotiate
                  freight rates. The information will also help when developing a transportation budget.

               
               

            
            
         
         
         
         
            
            
            Total System Capacity and Throughput

            
            
            
            
            
               
               
               
               
               
                  Visibility is needed to provide transportation planners
                  with information on future shipping requirements with a long enough lead time to arrange
                  for
                  sufficient aggregate capacity. If transportation planners get information on not only
                  current but also anticipated shipping requirements, they can reduce the times when
                  they need
                  to resort to LTL or LCL shipping by ordering full loads even though some goods will
                  be
                  arriving early. As long as the increased storage costs do not outweigh the transportation
                  savings, this will be a good choice. Likewise, warehousing needs to know aggregate
                  inventory
                  requirements long enough in advance to have sufficient staff and storage capacity.

               
               
               
               
                  In order to maximize assets, costs, and potentially
                  overall throughput, inbound and outbound capacity should be planned together. This
                  allows
                  transportation capacity planning to maximize the use of assets and individual shipment
                  opportunities to reduce the need for capacity expansion. Prerequisites for this may
                  include
                  combining the inbound and outbound capacity planning functions into a single department
                  as
                  well as proper network design to include facilities that are capable of blending the
                  needs
                  of various functions and are located close enough to various facilities to fulfill
                  both
                  inbound and outbound requirements. A focus on total system capacity may provide numerous
                  opportunities for cost savings, such as

               
               
               
               
                  
                  
                  	
                     
                     
                     Finding opportunities for
                        loaded backhauls. Finding just a few areas for loaded backhauls on regular routes
                        can
                        save a lot of money.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Using drop trailer methods.
                        This involves having a driver drop off a trailer and pick up a new loaded trailer
                        rather
                        than waiting for the initial trailer to be unloaded. This reduces the cost of the
                        driver’s time and the potential incremental cost to the shipper.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Using the same driver and
                        vehicle on both ends of a cross-docking arrangement. The driver drops off a shipment
                        at
                        a receiving dock and then drives to a shipping dock to pick up a different
                        assortment.

                     
                     

                  
                  

               
               
               
               This concept can be extended to the supply chain, where
                  it is sometimes called collaborative transportation management. It involves sharing
                  information on demand forecasts and supply (capacity constraints and excess capacity)
                  and
                  planned events with one’s suppliers, carriers, 3PLs, and customers. Loaded backhauls
                  might
                  be much more readily available this way. In another example, it could involve developing
                  shared-use facilities. Europe is a good example of locations where co-owned shipping
                  hubs
                  are used to allow various parties to share warehouse costs and consolidate loads with
                  other
                  parties’ shipments.

               
               

            
            
         
         
         
         
            
            
            Load Planning

            
            
            
            
            
               
               
               
               
               
                  In the mid to short term, distribution requirements
                  planning and/or transportation management systems are capable of translating a product
                  family’s schedule of orders into current and future shipping requirements. They can
                  also use
                  data from the item master information to calculate total weight, volume, number of
                  pallets,
                  and pallet cubes or unit loads. A transportation management system can even specify
                  how to
                  assemble pallets and the order in which to load them, and it takes into account constraints
                  such as how to minimize the risk of damage.

               
               
               
               
                  Exhibit 4-15 shows an example of a
                  transportation report for a Copenhagen distribution center, which ships items by high-cube
                  12.2-meter (40-foot) container. The top of the exhibit lists the relevant statistics
                  for
                  this type of container. (An actual report may contain even more detail, such as the
                  interior
                  dimensions used to calculate the maximum pallets and interior volume.) At the bottom
                  of the
                  exhibit, the number of container loads is calculated for the aggregate shipping for
                  the
                  month. Based on weight, only 4.7 (rounded up to 5) containers would be needed. However,
                  if
                  all items are shipped on full pallets, 59.3 containers will be needed based on 35
                  pallets
                  per container. If the full cubic capacity of the containers is used, only 43.3 containers
                  will be needed.

               
               
               
               
                  Exhibit 4-15: Aggregate Monthly Transportation Report[image: ../images/CLTDgraphic2b-08.png]
               
               
               
               
               
                  Exhibit 4-16 shows how the
                  transportation requirements for this distribution center can be further broken down
                  into
                  weekly requirements. The orders are split into portions, with the remainder of each
                  order to
                  be shipped in subsequent weeks. The schedule also indicates whether the items are
                  customer
                  orders or DRP planned orders. Planned orders from the DRP system can also be used
                  by other
                  business functions like sales, since this is what the organization is actually planning
                  on
                  shipping in each period.

               
               
               
               
                  Exhibit 4-16: Weekly Shipping Schedule[image: ../images/CLTDgraphic2b-09.png]
               
               
               
               
               Having information on future requirements for shipments
                  helps transportation managers plan ahead rather than just reacting to each day’s orders.

               
               

            
            
         
         
         
         
            
            
            Warehousing Considerations

            
            
            
            
            
               
               
               
               
               
                  
                  Warehousing is a necessary strategic consideration. It
                  consumes about 20 percent of a distribution function’s expenditures, so getting warehouse
                  capacity right will have a strong impact on profitability. Given a long-term aggregate
                  demand forecast, you cannot just start by determining storage space requirements.
                  Warehouse
                  usage modes will strongly influence how much storage space will be required. For example,
                  a
                  cross-dock facility will need very little storage space and will instead be needed
                  primarily
                  to stage materials handling. The warehouse will minimize the distances between incoming
                  and
                  outgoing docks, for example, by being long and narrow. However, the strategic forecast
                  will
                  help determine the number of shipping and receiving docks needed.

               
               
               
               For other warehouse modes, storage capacity forecasting
                  and planning are needed to calculate storage capacity requirements. The long-term
                  forecasts
                  are appropriate for this analysis, because the warehouse will need sufficient capacity
                  for
                  the next three to five years. Changes to warehouse capacity in a shorter time frame
                  tend not
                  to be cost-effective due to building and/or setup expenses, lease negotiations, and
                  so
                  on.

               
               
               
               Equipment, labor, and throughput constraints also need to
                  be considered to prevent unnecessary materials handling, item damage, or delays in
                  finding
                  misplaced items. Choice of equipment will impact necessary warehouse size because
                  storage
                  racks and retrieval equipment might help increase horizontal and/or vertical space
                  utilization.

               
               

            
            
         
         
   
      
         
         
         
         Section C: Sales and Operations Planning
            (S&OP)

         
         
         
         
         
            
            
            
            
            
               After completing this section, students will be able
                  to
               

            
            
            
            
               
               
               	
                  
                  
                  Describe how sales and operations planning
                     gets operations (i.e., production), marketing, and finance to agree to a single
                     demand plan

                  
                  

               
               
               
               	
                  
                  
                  Explain how collaborative planning,
                     forecasting, and replenishment (CPFR®)
                     gets logistics and other functional areas of multiple organizations to act as
                     one.

                  
                  

               
               

            
            
            
            Topic 1 in this section looks at the executive-level
               decision-making process called sales and operations planning (S&OP). S&OP works
               to achieve consensus on the expected level of demand for an organization’s goods and
               services given sales and marketing efforts, and it ensures that supply and logistics
               are
               capable and prepared to produce and distribute at that level. Topic 2 explores some
               related planning tools: advanced planning and scheduling (APS) and collaborative
               planning, forecasting, and replenishment (CPFR). These tools extend the concepts of
               supply-side and demand-side agreement on what to produce and sell either to a larger
               network of plants and DCs within an organization (APS) or to other organizations in
               the
               supply chain (CPFR).

            
            

         
         
         
         
   
      
         
         
         
         Topic 1: Sales
            and Operations Planning

         
         
         
         
            
            
            The sales
               and operations planning process helps develop tactical plans so management
               can direct business processes to achieve organizational goals. This
               area explains the basics of each step involved in the process.

            
            

         
         
         
         
         
            
            
            Sales and Operations
               Planning Road Map

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

               
               
               
               
                  
                  A
                     process to develop tactical plans that provide management the ability
                     to strategically direct its businesses to achieve competitive advantages
                     on a continuous basis by integrating customer-focused marketing
                     plans for new and existing products with the management of the supply
                     chain. The process brings together all the plans for the business
                     (sales, marketing, development, manufacturing, sourcing, and financial)
                     into one integrated set of plans.

                  
                  S&OP is performed at least once a month and is reviewed
                     by management at an aggregate (product family) level. The process must reconcile all
                     supply, demand,
                     and new product plans at both the detail and aggregate levels and connect to the business
                     plan. It
                     is the definitive statement of the company’s plans for the near to intermediate term,
                     covering a
                     horizon sufficient to plan for resources and to support the annual business planning
                     process.

                  
                  Executed properly,
                     the S&OP process links the strategic plans for the business
                     with its execution and reviews performance measurements for continuous improvement.

                  

               
               
               
               S&OP stands for both
                  the sales and operations plan and sales and operations planning. It
                  is both a plan and the process that creates, implements, monitors,
                  and continuously improves the plan.

               
               
               
               S&OP culminates in
                  a monthly executive meeting to get agreement on a plan to balance
                  supply with demand, but it often requires two weeks or more of team member
                  preparations and preliminary meetings. The purpose of these meetings
                  is to give each area of the organization sufficient time to prepare
                  tactical plans and study the plans submitted to them so they can
                  assess what impact the plans would have on their area of concern.
                  In this way, the S&OP process ensures that detailed reviews
                  are occurring, that decision makers from each part of the organization
                  get a reliable understanding of the organization’s current needs
                  and capabilities, and that checks and balances are in place to give
                  executives understanding of and control over the direction of the
                  organization.

               
               
               
               S&OP can be run on
                  a different timetable, but monthly data collection, analysis, and meetings
                  are typical. The results of the prior month’s meetings are used
                  as the basis for the current month’s meetings.

               
               
               
               The steps in the S&OP
                  process include

               
               
               
               
                  
                  
                  	
                     
                     
                     Data gathering

                     
                     

                  
                  
                  
                  	
                     
                     
                     Demand
                        planning

                     
                     

                  
                  
                  
                  	
                     
                     
                     Supply
                        planning

                     
                     

                  
                  
                  
                  	
                     
                     
                     Pre-executive
                        meeting

                     
                     

                  
                  
                  
                  	
                     
                     
                     Executive
                        S&OP meeting.

                     
                     

                  
                  

               
               

            
            
         
         
         
         
            
            
            Data Gathering and Demand Planning

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  Shortly after the end
                  of the month, all the files necessary to develop the new statistical forecast
                  should be updated. This needs to be done quickly to keep the process
                  moving ahead. However, timing the S&OP process to begin after
                  the best data are available each month is a best practice.

               
               
               
               Once the data are gathered,
                  a demand review meeting is held between product and brand management,
                  marketing, and sales professionals to agree to a single set of demand
                  numbers and to document the assumptions used to make the decisions.

               
               
               
               The highest ranking demand-side
                  professional, such as the vice president of sales or marketing,
                  not the demand manager, typically chairs this brief meeting between representatives
                  of each department. The demand manager serves as a facilitator.
                  For example, prior to the meeting, the demand manager might combine
                  the individual plans of product and brand management, marketing,
                  and sales into a single document with recommended consensus numbers
                  and differences of opinion listed in the notes.

               
               
               
               The meeting is not intended
                  to be a lengthy, detailed review (this should have occurred earlier)
                  but a way for the responsible and accountable leaders of each demand-side
                  area to review the “big picture” and commit to a consensus view
                  of demand. To keep the meeting brief, review is at the product family
                  level; subfamilies are reviewed only on an exception basis. A demand
                  plan dashboard is a good example of the type of information reviewed
                  in this meeting.

               
               
               
               A key aspect of this and
                  other review meetings is replanning. Since the plan is reviewed
                  each month, replanning promotes consensus building.

               
               
               
               Finally, the demand review
                  meeting is a place to review performance metrics in relation to
                  demand and forecast accuracy. Organizations might set rules for
                  exception reviews.

               
               
               
               After review by a senior
                  sales and marketing executive, an updated medium-term demand plan
                  for current and new products, including any planned promotions,
                  is produced. Sometimes this process is called a marketing/sales
                  handshake, because it requires agreement on a request for product
                  and coordinated demand-influencing activities. The consensus plan
                  presented by the demand side is used in supply planning and financial
                  reviews.

               
               

            
            
         
         
         
         
            
            
            Supply Planning

            
            
            
            
            
               
               
               
               
               
                  Supply planning includes
                  a supply review meeting, which uses the consensus demand plan to
                  generate a production plan. The role of the supply management team
                  is to identify any capacity and/or inventory constraints that would
                  prevent operations from being able to satisfy the demand plan. This
                  process is sometimes called the operations handshake, because it
                  requires operations professionals to agree on production plan recommendations
                  that could best fulfill the demand plan while keeping operations
                  profitable.

               
               
               
               
                  
                  During this meeting, the
                  feasibility of achieving the demand plan is discussed related to
                  capacity and profitability constraints. If the demand plan can be
                  achieved, the production plan will match the demand plan. The supply
                  management team may need to alter the production plan and revise
                  the S&OP data to meet the demand plan as closely as possible.
                  If supply cannot match demand in total units or in product mix, then
                  the meeting involves generating one or more alternative plans that
                  propose solutions to the supply and demand mismatch, such as the
                  following:

               
               
               
               
                  
                  
                  	
                     
                     
                     Produce above demand for certain periods
                        to meet later spikes in demand (level strategy).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Increase
                        capacity by hiring, adding shifts, planning overtime, leasing new equipment,
                        or outsourcing; or the opposite to reduce capacity (chase strategy).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Reduce
                        the demand plan (as a last resort).

                     
                     

                  
                  

               
               
               
               Supply-side professionals
                  should highlight any significant risks or costs involved with each
                  alternative that is proposed.

               
               

            
            
         
         
         
         
            
            
            Pre-Executive and Executive Meetings

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  
                  
                  
                  
                  
                  The pre-executive meeting,
                  or pre-meeting, is between people from prior steps, at least one
                  person from the finance area (since the plans will need to make
                  financial sense), and the demand manager. Logistics and other area
                  managers might attend, such as the plant manager, the product and
                  brand manager, the customer service manager, and possibly the engineering
                  manager (e.g., for a new product family). The team reviews the data
                  and sets the agenda for the S&OP executive meeting. The purpose
                  of the pre-meeting is to identify areas where consensus can be reached without
                  needing executive input and to add the more contentious items to
                  the executive review agenda.

               
               
               
               The monthly S&OP executive
                  meeting involves the chief executive officer (CEO) or a top executive
                  sponsor who reports directly to the CEO plus the demand, supply,
                  and financial executives. The purpose of this meeting is to provide
                  executives with a broad understanding of supply and demand issues
                  and to allow them to exercise control over the organization’s direction
                  if it is not in line with business plan goals.

               
               
               
               The attendees review the
                  plans from the prior meetings with the goal of arriving at a consensus
                  demand plan that meets organizational revenue goals to the extent possible
                  and that everyone agrees to support. To accomplish this goal, the
                  meeting may involve reviewing performance metrics or scorecards,
                  changes since the last meeting, new risks and opportunities, and
                  other events. Executives will want to know whether plans are staying
                  on budget, on schedule, and on scope; how well product mixes are
                  performing; whether current strategies need modifying; and what
                  decisions will need to be made and when. Decisions that need to
                  be made during the current period are discussed and then finalized,
                  and responsibilities are documented and assigned to ensure execution.

               
               
               
               The assembled executives
                  may accept the decisions and the numbers forwarded from the pre-executive
                  meeting, or they may take another path. They will make decisions pertaining
                  to each product family, authorize any decisions with significant
                  financial implications, and compare the demand plan to the business
                  plan to see if actions need to be taken to bring them in line with
                  each other (e.g., additional marketing activities).

               
               
               
               Communication of the agreed-upon
                  S&OP plan is critical to all internal participants. For instance,
                  it is critical for sales account managers to understand when material they
                  have requested in the demand plan will not be supplied and therefore
                  they should not make commitments to deliver the product to the customer.
                  If supply is available to meet demand, the sales account managers
                  still need to be informed that their sales forecast has been accepted
                  and they can sell against it. Remember—the success of the demand
                  plan depends on the quality of the internal communication process.

               
               

            
            
         
         
   
      
         
         
         
         Topic 2: Related
            Planning Tools

         
         
         
         
            
            
            In some cases, an organization
               needs to use additional tools or methodologies either to synchronize
               its own multiple parts or to synchronize its parts with the multiple players
               in its supply chain. Two examples of such planning tools are discussed
               here.

            
            

         
         
         
         
         
            
            
            Advanced Planning and Scheduling
               (APS)

            
            
            
            
            
               
               
               
               
               
                  
                  
                  The ASCM Supply Chain Dictionary defines advanced planning and scheduling (APS) as
                  follows:

               
               
               
               
                  
                  Techniques
                     that deal with the analysis and planning of logistics and manufacturing during
                     short, intermediate, and long-term time periods. APS describes any computer
                     program that uses advanced mathematical algorithms or logic to perform optimization
                     or simulation on finite capacity scheduling, sourcing, capital planning, resource
                     planning, forecasting, demand management, and others.

                  
                  These techniques simultaneously consider a range of
                     constraints and business rules to provide real-time planning and scheduling,
                     decision support, available-to-promise, and capable-to-promise capabilities. APS
                     often generates and evaluates multiple scenarios. Management then selects one
                     scenario to use as the “official plan.” The five main components of APS systems
                     are (1) demand planning, (2) production planning, (3) production scheduling, (4)
                     distribution planning, and (5) transportation planning.

                  

               
               
               
               APS systems are often
                  used to get multiple manufacturing facilities to act in a cohesive manner
                  to better match supply with demand and to then coordinate logistics
                  efforts to get the product to DCs and elsewhere downstream in the
                  optimal manner. This is done in part using finite capacity scheduling,
                  as stated in the definition. While some other manufacturing planning
                  systems may make the simplifying assumption of infinite capacity
                  and then use the capacity planning steps to plan, check, and replan for
                  sufficient capacity, an APS system takes actual capacity constraints
                  into account at the same time that the planning calculations are
                  occurring. It performs these checks down to the scheduled work at
                  the work centers (i.e., production equipment).

               
               

            
            
         
         
         
         
            
            
            Collaborative Planning, Forecasting,
               and Replenishment (CPFR®)

            
            
            
            
            
               
               
               
               
               
                  
                  Collaborative planning,
                  forecasting, and replenishment (CPFR®)
                  is a way to integrate the elements of demand management among supply
                  chain partners. It is an evolving set of best practices, process
                  and organizational standards, and technology recommendations now
                  managed by GS1 US, an information standards organization. Note that
                  supply chain partners might develop their own similar methodologies
                  but the principles of this standard can help guide such efforts.

               
               
               
               The ASCM Supply Chain Dictionary defines collaborative planning, forecasting,
                     and replenishment (CPFR) as follows:

               
               
               
               
                  
                  1)
                     A collaboration process whereby supply chain trading partners can
                     jointly plan key supply chain activities from production and delivery
                     of raw materials to production and delivery of final products to
                     end customers. Collaboration encompasses business planning, sales
                     forecasting, and all operations required to replenish raw materials
                     and finished goods. 2) A process philosophy for facilitating collaborative
                     communications. CPFR is considered a standard and is endorsed by the
                     Voluntary Interindustry Commerce Standards.

                  

               
               
               
               CPFR is especially
                  useful in fast-moving consumer goods (FMCG) supply chains because
                  these supply chains strive toward continuous replenishment so they
                  can be less dependent on forecasting.

               
               
               
               
                  
                  CPFR® Model

                  
                  
                  
                  The GS1 US CPFR® model is broken into
                     four major activities comprising eight collaboration tasks, eight
                     manufacturer (seller) tasks, and eight retailer (buyer) tasks. Exhibit 4-17 shows
                     the activities and tasks in the model. The activities are Strategy
                     & Planning, Demand & Supply Management, Execution, and Analysis.

                  
                  
                  
                  
                     
                     
                     

                     
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 4-17: GS1 US CPFR® Model
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                                          Sales
                                             Forecasting
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                                             & Supply Planning
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                                          Order
                                             Fulfillment

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Buying/Re-buying
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                                       Analysis
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Execution
                                             Monitoring
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                                             Scorecard

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Exception
                                             Management

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Performance Assessment

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Store
                                             Execution

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Supplier
                                             Scorecard

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
                  
                  The
                     supply chain partners jointly contribute in each area, with their
                     ultimate focus being the end customer. Roles may depend on one’s
                     perspective. A manufacturer is a buyer when it purchases components
                     from a supplier (seller). Similarly, distributors or LSPs/3PLs could
                     play the buyer or seller role.

                  
                  
               
               
               
               
                  
                  CPFR® Collaboration Activities
                     and Tasks

                  
                  
                  
                  Within
                     the model you can see that each pair of collaboration tasks is associated
                     with two seller and two buyer tasks that function as links between
                     the collaboration tasks and the overall operation of the enterprise.
                     These links help eliminate redundancies and discrepancies that occur
                     when the tasks are carried out in isolation.

                  
                  
                  
                  
                     
                     
                     
                        Strategy & Planning
                        

                     
                     
                     
                     The purpose of strategy
                        and planning is to establish rules for the relationship, define the
                        mix of products, and develop plans for upcoming events. There are
                        two specific collaboration tasks to be completed within this area:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Collaboration arrangement—This involves
                              setting business goals, defining the scope of collaboration, and
                              assigning roles, responsibilities, checkpoints, and escalation procedures.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Joint
                              business plan—This plan identifies significant events such as promotions, inventory
                              policy changes, store openings and closings, and product introductions. Market
                              planning is the responsibility of the manufacturer, while the retailer
                              takes care of category management.

                           
                           

                        
                        

                     
                     
                  
                  
                  
                     
                     
                     
                        Demand & Supply Management
                        

                     
                     
                     
                     In this area, the partners
                        forecast consumer demand at the point-of-sale and determine order
                        and shipment requirements. The model specifies two tasks:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Sales forecasting—The manufacturer analyzes
                              market data, while the retailer forecasts point-of-sale numbers.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Order
                              planning/forecasting—The manufacturer conducts demand planning,
                              while the retailer undertakes replenishment planning.

                           
                           

                        
                        

                     
                     
                  
                  
                  
                     
                     
                     
                        Execution
                        

                     
                     
                     
                     This area, which is also known as the order-to-cash
                        cycle, is the key area of logistics involvement. It includes placing
                        orders, preparing and delivering shipments, receiving and stocking
                        products at the retail site, recording transactions, and making
                        payments. The model identifies two execution tasks:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Order generation—The manufacturer does
                              production and supply planning, while the retailer conducts the
                              activities associated with buying. Logistics on either end will
                              work on order management.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Order
                              fulfillment—This involves logistics and distribution management
                              for both manufacturer and retailer.

                           
                           

                        
                        

                     
                     
                  
                  
                  
                     
                     
                     
                        Analysis
                        

                     
                     
                     
                     In the analysis phase, the supply chain
                        partners monitor planning and execution activities to identify exceptions.
                        They also aggregate results and calculate key performance metrics,
                        share insights, and adjust plans as part of continuous improvement.
                        Analysis involves the following two tasks:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Exception
                              management—This involves execution monitoring by the manufacturer and
                              store execution by the retailer.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Performance
                              assessment—Manufacturer and retailer keep scorecards to assess each
                              other’s performance.

                           
                           

                        
                        

                     
                     
                  
               
               
               
               
                  
                  Technology

                  
                  
                  
                  According to GS1 US,
                     “CPFR®…does not fundamentally
                     depend upon technology.” Rather, it is at heart about developing
                     effective business processes to synchronize supply chain operations
                     across enterprise boundaries. Nevertheless, the success of CPFR® depends upon willingness
                     to work with shared data efficiently in real time. Various compatible
                     software solutions should allow enterprise partners to

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Share forecasts and historical data

                        
                        

                     
                     
                     
                     	
                        
                        
                        Automate
                           the collaboration arrangement and business plan

                        
                        

                     
                     
                     
                     	
                        
                        
                        Evaluate
                           exceptions

                        
                        

                     
                     
                     
                     	
                        
                        
                        Enable
                           two-way, real-time conversations, revisions, and commentary.

                        
                        

                     
                     

                  
                  
                  
                  These solutions must
                     be able to function on any existing enterprise software and hardware.
                     CPFR® is generally described
                     as internet-based, with each enterprise feeding data into shared
                     servers for immediate joint web-based access. This allows for low-cost
                     connections even with very small trading partners.

                  
                  
                  
                  Needless to say, even
                     with great technology, CPFR® can
                     succeed only if the organization speaks with one voice to its external
                     partners and they are willing to share data. No data sharing, no
                     CPFR®. Capital investment
                     and change management are also required.

                  
                  
               
               
               
               
                  
                  CPFR® Scenarios

                  
                  
                  
                  The GS1 US CPFR® committee tracks the
                     experiences of enterprises using the CPFR® model and develops guidelines
                     for specific scenarios. Examples of some of the scenarios that can
                     be found on the GS1 US website in the Additional Resources include ways
                     to collaborate on retail events, distribution center replenishment,
                     retail store replenishment, and assortment planning.

                  
                  
               
               

            
            
         
         
   
      
         
         
         
         Section D: Distribution Requirements Planning
            (DRP)

         
         
         
         
         
            
            
            
            
            
               After completing this section, students will be able
                  to
               

            
            
            
            
               
               
               	
                  
                  
                  Understand the functions of distribution
                     requirements planning, including management of near-term supply and demand at
                     distribution centers through the use of planned and released orders

                  
                  

               
               
               
               	
                  
                  
                  Understand how a logistics resource
                     requirements plan is used to validate S&OP and how a logistics capacity plan
                     is used to validate master scheduling

                  
                  

               
               
               
               	
                  
                  
                  Explain how minimum and maximum inventory
                     levels and logistics capacities can be determined using DRP

                  
                  

               
               
               
               	
                  
                  
                  Describe the inputs and outputs of the DRP
                     process

                  
                  

               
               
               
               	
                  
                  
                  Calculate the DRP planning grid

                  
                  

               
               
               
               	
                  
                  
                  List the inventory ordering policies used
                     with DRP.

                  
                  

               
               

            
            
            
            The overall distribution requirements planning
               (DRP) process is presented first here, followed by an explanation of the logic DRP
               uses
               to ensure that manufacturing and delivery lead times are accounted for in distribution
               center resupply. We conclude by addressing how DRP interfaces with various inventory
               ordering methodologies.

            
            

         
         
         
         
   
      
         
         
         
         Topic 1: DRP Basics and Inventory
            Planning

         
         
         
         
            
            
            This area begins with an examination of DRP and DRP II and the crucial
               planning they enable in the logistics process. We then discuss inventory planning
               in greater
               detail.

            
            

         
         
         
         
         
            
            
            DRP

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  
                  The ASCM Supply Chain Dictionary defines distribution requirements planning
                     (DRP) in part as “the function of determining the need to replenish inventory at
                  branch warehouses.” (Branch warehouse is another term for distribution center.) Exhibit 4-18 revisits the manufacturing planning and control overview to show where DRP fits
                  within the overall process.

               
               
               
               
                  Exhibit 4-18: Manufacturing Planning and Control[image: ../images/CLTDgraphic2c-11.png]
               
               
               
               
               From a logistics perspective, there are some
                  additional capacity planning activities that are not represented in this exhibit.
                  As seen in
                  Exhibit 4-19, logistics-specific capacity checks include the logistics resource
                  requirements plan (LRRP) at the S&OP level of product family planning and the logistics
                  capacity plan (LCP) at the master scheduling level for individual unit planning as
                  the
                  master production schedule is being created.

               
               
               
               
                  Exhibit 4-19: Logistics Planning and Control[image: ../images/CLTDgraphic20-12.png]
               
               
               
               
               DRP is an important logistics planning tool. It is
                  also an input to master scheduling. DRP starts with inventory planning, which is followed
                  by
                  the LRRP logistics capacity check. If the production plan is still feasible (or once
                  it is
                  revised to be feasible), the more detailed master production schedule is created and
                  is
                  checked against the LCP. Note that when the LRRP and LCP are included in DRP, this
                  is called
                  DRP II (where the R in the acronym is changed to “resource” from “requirements”) to
                  indicate
                  that it includes planning for key logistics resources. The ASCM Supply Chain Dictionary defines distribution
                     resource planning (DRP II) as

               
               
               
               
                  
                  the extension of distribution requirements
                     planning into the planning of the key resources contained in a distribution system
                     (warehouse space, workforce, money, trucks, freight cars, etc.).

                  

               
               
               
               After any further revisions that are needed, DRP/DRP
                  II can proceed. Note that this product will usually refer to just DRP rather than
                  listing
                  both of these processes.

               
               

            
            
         
         
         
         
            
            
            Inventory Planning

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  High-level supply plans include aggregate channel
                  inventory planning and distribution requirements planning, which are product family
                  reviews
                  of how much inventory to hold and where to distribute it in the channel network. While
                  most
                  of the concepts surrounding inventory are covered elsewhere, aggregate inventory strategy
                  is
                  addressed here.

               
               
               
               Starting with organizational strategy, target aggregate
                  inventory levels are set at the product family level. Planned, minimum, and maximum
                  quantities of inventory are established. The planned level is estimated using the
                  inventory
                  that should remain at the end of the period after supply and demand plans are implemented;
                  the minimum and maximum values are set by policy based on that planned level. At the
                  end of
                  each period, actual levels are reviewed against the plan and the impact of any imbalance
                  is
                  projected forward to the end of the planning horizon. Imbalances are used in a feedback
                  loop
                  to alter planned production to bring inventory back to planned levels, if this is
                  feasible
                  given profitability requirements and resource constraints. Outsourcing might be used
                  when
                  extra inventory is needed beyond what can be produced internally.

               
               
               
               
                  Exhibit 4-20 shows an inventory
                  planning grid for product family A inventory for a refrigerator manufacturer.

               
               
               
               
                  Exhibit 4-20: Inventory Planning Grid[image: ../images/CLTDgraphic21-16.png]
               
               
               
               
               
                  Source: Adapted from David
                     F. Ross, Distribution Planning and Control—Managing in the
                        Era of Supply Chain Management, third edition.
                  

               
               
               
               Here is how the grid works. The refrigerator
                  manufacturer has chosen to set quarterly inventory targets of 1,000 units at the end
                  of each
                  quarter—except for the second quarter, which has been set at 1,500 units because they
                  want
                  more safety stock of mini-fridges for the start of college (primarily periods 8 and
                  9), a
                  peak sales period. They have set the maximum inventory at 2,000 units and the minimum
                  at
                  1,000 units. The production plan rate uses a quarterly production rate calculated
                  as

               
               
               
               
[image: ../images/4d-1_01_id179KA0002PF_mathml_58_width_1080.png]


               
               
               
               The other three quarters are calculated similarly, using
                  the prior quarter’s quarterly inventory target for the beginning inventory. The “Ending
                  inventory plan” row is the calculated ending inventory per month. Month 0 is the inventory
                  for December of the prior year. The prior month’s ending inventory plus the current
                  month’s
                  production plan minus the forecast sales is the current month’s planned ending inventory.
                  This amount is then compared to the minimum and maximum inventory levels. Note that
                  in three
                  places inventory goes below the 1,000-unit minimum and in two other places it goes
                  above the
                  2,000-unit maximum. While these imbalances do correct themselves, there is too much
                  inventory in certain periods, which, for example, could strain warehouse capacity.
                  The
                  manufacturer could resolve these issues by altering production plans, or, if the LCCP
                  indicates that there is sufficient warehouse capacity, the organization could temporarily
                  allow the inventory to increase for seasonal purposes or part of the LCCP could include
                  using contract warehouses or other workarounds.

               
               

            
            
         
         
   
      
         
         
         
         Topic 2: LRRP
            and LCP

         
         
         
         
            
            
            DRP provides key inputs
               to the manufacturing planning and control processes of sales and
               operations planning (S&OP) and master scheduling (MS). These
               inputs consist of demand inputs, a logistics resource requirements
               plan (LRRP), and a logistics capacity plan (LCP), as shown in Exhibit 4-21.
               The LRRP and the LCP are developed using planning processes with
               very similar names. Note that DRP II software will typically contain
               modules for both LRRP and LCP but the planning issues and objectives
               for each module will differ.

            
            
            
            
               Exhibit 4-21: Links to S&OP and MS[image: ../images/CLTDgraphic20-13.png]
            
            
            

         
         
         
         
         
            
            
            Demand Inputs

            
            
            
            
            
               
               
               
               
               
                  
                  In DRP, forecasts are
                  needed at two levels:

               
               
               
               
                  
                  
                  	
                     
                     
                     Product family level by distribution channel
                        during the S&OP process

                     
                     

                  
                  
                  
                  	
                     
                     
                     Item
                        level during the master scheduling process

                     
                     

                  
                  

               
               
               
               While the item forecast
                  is what the actual replenishment timing and quantity are based on,
                  the aggregate product family forecast is important for two reasons.
                  First, during S&OP, the product family forecast is used to ensure
                  that resources are available to transport, handle, and store replenishment
                  inventory within major distribution channels. The process that addresses
                  channel resource needs during S&OP is LRRP. Second, 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.

               
               

            
            
         
         
         
         
            
            
            Logistics Resource Requirements
               Planning/Plan

            
            
            
            
            
               
               
               
               
               
                  
                  
                  The process of logistics
                  resource requirements planning results in the LRRP, one of the outputs
                  of DRP. This plan is intended to extend at least one year out. The
                  LRRP determines intermediate- to long-term distribution resource
                  requirements generated by the inventory replenishment plan and the
                  sales and operations plan, as seen in Exhibit 4-22.

               
               
               
               
                  Exhibit 4-22: LRRP Information Flow[image: ../images/CLTDgraphic20-14.png]
               
               
               
               
               This includes

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Determining
                        the need for distribution resources for the channel inventory plan

                     
                     

                  
                  
                  
                  	
                     
                     
                     Providing
                        inputs to S&OP on resource adequacy.

                     
                     

                  
                  

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

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

                  

               
               
               
               The LRRP is concerned
                  with four resources: financial, transportation, storage, and labor
                  and equipment. The major inputs are the mid-range channel replenishment forecast
                  and the aggregate channel inventory replenishment plan.

               
               
               
               Logistics resource
                  requirements planning is a tactical-level check of logistics capacity. It
                  is run for each warehouse, all of its available labor by type, and
                  all equipment by type. Transportation volume can also be analyzed
                  at this point.

               
               
               
               For tactical warehouse
                  capacity, all pallet storage bays of similar size are placed in
                  one group, all similar rack storage is aggregated, and so on. All
                  types of inventory that use a given storage type are likewise aggregated
                  in like units of measure. These are compared to determine the percentage
                  of filled space of each type per period. This is done for each warehouse.

               
               
               
               Similarly, aggregate labor
                  and equipment capacity and load can be calculated for each warehouse.
                  For labor, product family labor and equipment standard hours can
                  be set for each operation, which might be generalized into two categories:
                  receiving and put-away and picking and shipping. Once these standards
                  are set, they can be used to determine both load and capacity.

               
               
               
               For transportation load
                  and capacity, information from DRP can help show the timing and
                  quantity of inventory being moved, which can then be used to forecast
                  these costs in advance and better plan transfers to ship more goods
                  with fewer journeys.

               
               
               
               The key features of
                  the LRRP elements are summarized in Exhibit 4-23.

               
               
               
               
                  
                  
                  

                  
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 4-23: LRRP Elements
                        
                        
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Report

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Description

                                 
                                 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Inventory investment report

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

                                       
                                       

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

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Transportation planning report

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

                                       
                                       

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

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Warehouse space report

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Determines
                                          warehouse space required

                                       
                                       

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

                                       
                                       

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

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Labor and equipment report

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

                                       
                                       

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

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               

            
            
         
         
         
         
            
            
            Logistics Capacity Planning/Plan

            
            
            
            
            
               
               
               
               
               
                  
                  
                  The process of logistics capacity planning and the resulting plan are
                  operation-level capacity checks, meaning that the plan is a unit-level shipping and
                  storage plan.
                  The time periods should be in the same units as the master production schedule (e.g.,
                  weeks rather
                  than months), and other units of measure should be similarly compatible with the level
                  of detail
                  used in master scheduling. These plans need to take into account the current customer
                  order
                  backlogs, any pending customer backorders, and any related unit-level short-term forecasts.

               
               
               
               Parts of this process
                  are discussed elsewhere, such as the process of generating a weekly
                  shipping schedule given an aggregate monthly transportation report. Similarly,
                  warehouse capacity planning is part of logistics capacity planning.

               
               
               
               Logistics capacity
                  planning will use simulation to optimize resource usage and will prompt
                  other systems for schedule changes when this is needed. These systems
                  will constantly assess the financial impacts of any changes in logistics
                  plans or the impact on logistics when changes are made to the master
                  schedule.

               
               
               
               Once any aggregate and
                  detail-level inventory and warehouse capacity issues are resolved
                  to management’s satisfaction, the next step is to determine how
                  to distribute the inventory within the channel network using distribution
                  requirements planning.

               
               

            
            
         
         
   
      
         
         
         
         Topic 3: DRP
            Process, Logic, and Ordering Policies

         
         
         
         
            
            
            
               This
               area discusses the DRP process, including key success factors and
               outputs, before moving on to DRP logic, which explains how DRP creates
               and uses planned order releases. We conclude with discussions of
               exceptions and how DRP interfaces with various inventory ordering
               policies.

            
            

         
         
         
         
         
            
            
            DRP Process

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  
                  While
                  material requirements planning (MRP) can improve efficiency on the
                  inbound side of a business’s manufacturing operation by coordinating
                  orders to suppliers, DRP accomplishes similar efficiencies on the
                  outbound side by coordinating manufacturing output with forecast
                  demand at distribution centers. DRP organizes inventory requirements
                  on central supply so the organization has time to plan for when
                  and how many goods will be required. If successful, it minimizes
                  inventory over- or undersupply in the distribution channel and gives
                  advance time for transportation planning.

               
               
               
               Distribution requirements
                  planning combines the following inputs:

               
               
               
               
                  
                  
                  	
                     
                     
                     Demand forecasts from retailers and planned
                        orders from distribution centers to determine the gross requirement
                        (the requirement prior to accounting for what is already committed
                        to be produced or already in inventory)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Safety
                        stock for customer service

                     
                     

                  
                  
                  
                  	
                     
                     
                     Accurate
                        lead time information

                     
                     

                  
                  
                  
                  	
                     
                     
                     Overall
                        knowledge of the distribution system (a bill of distribution, a
                        mapping akin to a bill of materials that shows how the distribution
                        network is configured)

                     
                     

                  
                  

               
               
               
               
                  Exhibit 4-24 shows
                  what goes into and comes out of a DRP/DRP II system.

               
               
               
               
                  Exhibit 4-24: DRP/DRP II Input/Output Diagram[image: ../images/CLTDgraphic2c-22.png]
               
               
               
               
               The success of DRP systems
                  rests on the accuracy of forecasts and inventory records by SKU,
                  the tracking of transit inventory, and the ability to create and
                  revise replenishment orders.

               
               
               
               Note a key output of the
                  DRP II ordering process: logistics capacity requirements through
                  LRRP and LCP. The information on required shipments between facilities
                  is used to plan for both transportation and warehouse capacity requirements.
                  This information is combined with MRP requirements for inbound capacity
                  checks as well as information on orders directly from customers
                  or consumers or any other source of actual or forecasted demand.

               
               
               
               DRP starts downstream
                  with the customer (or store) and works upstream toward the manufacturer
                  (or finished goods supplier). The system identifies stock on hand
                  and in the channel and coordinates replenishment to meet forecast
                  demand.

               
               
               
               The ASCM Supply Chain Dictionary further
                  explains, in the definition of distribution requirements
                     planning (DRP) that

               
               
               
               
                  
                  …planned
                     orders at the branch warehouse level are “exploded” via material requirements
                     planning (MRP) logic to become gross requirements of the supplying source.
                     In the case of multilevel distribution networks, this explosion
                     process can continue down through the various levels of regional
                     warehouses (master warehouse, factory warehouse, etc.) and become
                     input to the master production schedule.

                  

               
               
               
               In other words, DRP and
                  MRP can combine to form a feedback control loop for inventory, turning
                  a traditional push distribution channel into a more efficient demand-driven
                  pull channel.

               
               
               
               DRP combines the coordinated
                  planning and control offered by push systems with the responsiveness
                  to local demand that characterizes pull systems. Although orders originate
                  downstream (that is, toward the retail end), they are evaluated
                  at the supplying locations before being released to determine the
                  actual need at the ordering location and the availability of goods
                  at the sites receiving the order. This helps prevent shortages at
                  supplying sites and overstock at ordering sites. In this way, DRP keeps
                  inventory in balance around the network. This, in turn, provides
                  the supply chain with the benefit of better customer service and
                  lower inventory costs but with the tradeoff of higher difficulty
                  in arranging for TL or CL deliveries.

               
               

            
            
         
         
         
         
            
            
            DRP Logic

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  
                  
                  
                  
                  
                  
                  
                  
                  
                  DRP system logic
                  translates DC demand into planned order releases for use in centralized
                  DC or factory master scheduling. It uses time-phased netting of requirements
                  (net requirements per period, or bucket). Each item carried in stock
                  at each DC would have its own DRP grid for scheduling interchannel
                  or other sources of resupply. For example, if there are three DCs
                  that each carry 200 SKUs, this would require 600 planning grids. Exhibit 4-25 shows
                  a partially completed DRP grid.

               
               
               
               
                  Exhibit 4-25: DRP Grid, Prior to Planned Orders[image: ../images/CLTDgraphic2c-23.png]
               
               
               
               
               The line items of the
                  DRP grid are defined as follows:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                        
                        
                        Week (or other time period). Timing
                        drives all DRP activities, so DRP organizes everything into time
                        buckets, or chunks of time such as a week, but it could also be a
                        day, a month, or longer. A grid could also be more granular as it
                        gets closer to the present, like days for the current week, then
                        weeks for a given number of weeks, and then months. The first day
                        of any period longer than a day is usually set as the point when
                        the gross requirement is considered to be due. Actual orders (e.g.,
                        DC resupply orders) are due on the date specified on the order,
                        however.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Gross requirements. The gross
                        requirements for the item come from demand forecasts, backlogged
                        customer orders, and resupply orders from downstream DCs. The databases
                        that contain due dates and item quantities are summarized here in
                        quantities per time bucket. Regional DCs might have their gross requirements
                        based solely on resupply orders from satellite warehouses, while retail
                        gross requirements come almost entirely from forecasts.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                        
                        
                        Scheduled receipts. The ASCM Supply Chain Dictionary defines
                        a scheduled receipt as “an
                        open order that has an assigned due date.” An open order in DRP
                        is a resupply order that has been released. Also called DRP-in-transit
                        receipts, these are the total released replenishment orders for
                        the item during each time bucket. They are considered firm commitments
                        and thus are included in counts of on-hand inventory. All orders
                        need to have a discrete order number, a list of items shipped and
                        their quantities, and a due date. These can be

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           
                              
                              
                              DC supply orders. Orders
                              to replenish supply from a parent to a branch DC. In Exhibit 4-25,
                              the 100 units in week 2 are an example of this type of order. These 100
                              units appear as a planned order receipt for the same period until
                              the order is released. At that time they are removed from the planned
                              order receipt field and added here. Note that these 100 units were
                              ordered prior to the start week of the current DRP planning grid.

                           
                           

                        
                        
                        
                        	
                           
                           
                           
                              Postponement orders. Goods
                              from value-added providers doing light assembly, break-bulking,
                              sorting, kitting, etc.

                           
                           

                        
                        
                        
                        	
                           
                           
                           
                              Supplier purchase orders. Products
                              and their quantities purchased from suppliers.

                           
                           

                        
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                        
                        Projected available balance (PAB). The
                        projected available balance is an inventory balance projected into
                        the future. It is the current plus projected inventory that will
                        be available in the time period. When the PAB in a given period falls
                        to a negative value or below the safety stock level, the DRP supply
                        of inventory must be reevaluated. (It does this in week 3 in the
                        exhibit.) The PAB is calculated as follows (with examples from the
                        exhibit):

                     
                     
                     
                     
[image: ../images/4d-3_01_id179KB0GC0PN_mathml_59_width_920.png]


                     
                     
                     
                     
[image: ../images/4d-3_02_id179KB0U507Q_mathml_60_width_836.png]


                     
                     
                     
                     Note that, for week 1,
                        beginning inventory (on-hand or opening balance) is used and thereafter
                        it is the prior period’s PAB.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Net requirements. A negative
                        PAB creates a net requirement for the same number of units. This
                        is an important field in the DRP grid, because it indicates when
                        demand exceeds projected supply and thus triggers a need to reorder.
                        Net requirements are calculated as follows. Note that planned order
                        receipts are not included. Note also that safety stock minimum amounts
                        trigger a net requirement in the same way zero units PAB would when
                        no safety stock is held.

                     
                     
                     
                     
[image: ../images/4d-3_03_id179KB0V0U30_mathml_61_width_1148.png]


                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        DRP planned
                           order receipts. The ASCM Supply
                           Chain Dictionary defines a planned
                           order from the perspective of an MRP system, but it serves
                        a similar function in DRP.

                     
                     
                     
                     
                        
                        A suggested order quantity,
                           release date, and due date created by the planning system’s logic
                           when it encounters net requirements in processing material requirements
                           planning. In some cases, it can also be created by a master scheduling
                           module. Planned orders are created by the computer, exist only within
                           the computer, and may be changed or deleted by the computer during subsequent
                           processing if conditions change. Planned orders at one level will
                           be exploded into gross requirements for components at the next level.
                           Planned orders, along with released orders, serve as input to capacity
                           requirements planning to show the total capacity requirements by
                           work center in future time periods.

                        

                     
                     
                     
                     Note that to be more precise, references
                        to “the computer” could be replaced by “DRP software.”

                     
                     
                     
                     The Dictionary defines a planned order receipt as

                     
                     
                     
                     
                        
                        the
                           quantity planned to be received at a future date as a result of
                           a planned order release. Planned order receipts differ from scheduled
                           receipts in that they have not been released.

                        

                     
                     
                     
                     A DRP system automatically
                        generates a planned order receipt when the PAB will go negative
                        or below safety stock. This order has not yet been sent to the DC, value-added
                        provider, or supplier, so it is not yet included in the scheduled receipts.
                        The system schedules the planned order receipt to arrive in the
                        period when demand will go negative. It also conforms the order
                        to lot size, minimum order quantity, and other predetermined rules.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        DRP planned order releases. As
                        with the term “planned order,” the Dictionary defines
                        a planned order release from
                        the perspective of an MRP system but it serves the same function
                        in DRP:

                     
                     
                     
                     
                        
                        A row on a material requirements planning
                           table that is derived from planned order receipts by taking the
                           planned receipt quantity and offsetting it to the left by the appropriate
                           lead time.

                        

                     
                     
                     
                     This
                        is the scheduled period to release the planned orders based on the
                        lead time offset. The offset is always to earlier periods and becomes
                        a prompt in that period for the planner to release the order. In
                        DRP, the lead time offset is primarily the transportation lead time
                        from the point of supply to this DC.

                     
                     

                  
                  

               
               
               
               
                  Exhibit 4-26 shows
                  how an order for 100 units is planned to be released in week 1 for receipt
                  in week 3 due to the two-week lead time.

               
               
               
               
                  Exhibit 4-26: DRP Grid, with Planned Orders[image: ../images/CLTDgraphic2c-24.png]
               
               
               
               
               The order is for 100 units
                  because the net requirement of 60 units exceeds the lot size of
                  50 units, so two lots are ordered. This then recalculates the PAB
                  to leave 40 units after the 60 units of net requirements are accounted
                  for:
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               The net requirements are
                  also recalculated but only based on changes to the PAB. Therefore,
                  the 60 units in week 3 remain the net requirement, but, since week
                  3’s PAB is now 40 units, the net requirements now factor this in
                  for week 4:
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                  Exhibit 4-27 shows
                  how this process would continue to the extent of the planning horizon
                  and thus no negative values will appear in the chart anywhere. Notice
                  that the planned order receipt in week 8 requires three lots, or
                  150 units. Note also that a key area for logistics cost reduction
                  would be to specify the minimum order quantity and/or lot size to
                  account for net transportation cost savings versus inventory holding costs.
                  For example, rather than ordering 100 units each week, if 1,000
                  units equaled a truckload, then this might be ordered and the inventory
                  level would then be drawn down over the weeks rather than making
                  weekly orders. Any decision to use a TL lot size would need to be
                  evaluated against the holding cost of a higher level of average inventory
                  and against the cash investment required to purchase a larger lot
                  size. The example here is more of a just-in-time scenario.

               
               
               
               
                  Exhibit 4-27: DRP Grid, Completed[image: ../images/CLTDgraphic2c-25.png]
               
               
               
               
               Note that for items with
                  safety stock, the planned order receipts and corresponding releases
                  would be scheduled whenever the PAB will go below the minimum safety stock
                  level (rather than when it will go negative).

               
               
               
               Another key feature of
                  a DRP system is that the system automatically generates gross requirements
                  for parent DCs (or linked providers or other suppliers) when planned order
                  receipts and releases are generated by branch DCs. These in turn
                  automatically generate MPS orders in the form of gross requirements
                  for that system. Starting from the gross requirement, when the gross
                  requirement is not covered by the PAB, the system generates an MPS
                  order, taking into account the lot size policy. Exhibit 4-28 illustrates
                  DRP logic using distribution centers A and B, a central supply location,
                  and a master schedule grid for a factory.

               
               
               
               
                  Exhibit 4-28: DRP Grids Feeding Factory MS Grid for a Single SKU[image: ../images/CLTDgraphic2c-26.png]
               
               
               
               
               
                  Source: APICS CPIM Basics of Supply Chain
                        Management
                     
                  

               
               
               
               Planned order releases
                  for the same product SKU from DCs A and B are released to central
                  supply according to each DC’s demand requirements and lead times.
                  In the exhibit, DC A and DC B release planned orders in week 6 for
                  400 and 500 units respectively. Central supply has a three-week
                  lead time, a projected available balance of 500 units, and a lot
                  size (order quantity) of 600 units. Therefore, to fill the planned order
                  releases of 900 units, central supply releases a planned order for
                  600 units in week 3 to the factory (to account for the three-week
                  lead time and lot size), which will leave a projected available
                  balance of 200 units (equal to its safety stock requirement).

               
               
               
               Central supply’s planned
                  order release of 600 units becomes a gross requirement in the factory’s
                  master schedule grid. This allows the distribution centers’ time-phased requirements
                  to be factored into the factory’s master production schedule.

               
               

            
            
         
         
         
         
            
            
            Exceptions and Action Messages

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  A DRP system does not require planners
                  to react to every single system event. Instead, it allows planning
                  by exception by generating action messages for items that need planning
                  attention. The ASCM Supply Chain
                     Dictionary defines an exception
                     report as “a report that lists or flags only those items
                  that deviate from the plan.” Items that have sufficient stock or
                  otherwise need no action are fully automated from a planning perspective.

               
               
               
               Action messages come in
                  several types. Releases are notices to release planned orders so
                  they can arrive on time (assuming the lead time is accurate). Lead-time
                  violations are notices that warn of not enough lead time in cases
                  where the release was not acted upon when it should have been. Cancel
                  notices recommend canceling a planned order if the gross requirements
                  have shrunk (less demand).

               
               
               
               There are also two types
                  of expediting messages. If the order was released late or the lead
                  time was increased for some reason, a warning to expedite scheduled
                  receipts will appear. This could involve negotiating with a carrier
                  to get the order moved up in priority. Conversely, if the gross
                  requirements fall after an order is shipped, an action message will
                  indicate that the scheduled receipt can be de-expedited, meaning
                  that carriers could move it down in priority or delay delivery (for
                  a fee).

               
               
               
               
                  Too-frequent changes
                  to a system’s plans can create costly problems. This is called system
                  nervousness. Avoiding system nervousness in a DRP system requires
                  setting rules and policies for changes as well as dedicating resources
                  to ensuring that master data are kept well maintained and that forecasts
                  are as accurate as possible.

               
               

            
            
         
         
         
         
            
            
            DRP and Inventory
               Ordering Policies

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  
                  
                  
                  
                  DRP
                  can be designed to work with various inventory ordering policies.
                  These will be discussed elsewhere in more detail, but here is an
                  overview of how DRP handles various ordering methods:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                        
                        
                        
                        Lot-for-lot (discrete): DRP
                        orders exactly the quantity that is needed for each period, but,
                        if set up poorly, this could result in multiple orders in the same
                        day or period if there are multiple requirements during that period.
                        A variant is to do lot-for-lot only above a minimum quantity requirement.
                        For example, if the minimum quantity is 50 and there is no lot size,
                        an order is for 50 if the requirement is any amount less than 50
                        but could be 51 if that is the specific requirement. Yet another variant
                        would require increasing the order only in full lot size quantities
                        (for example, 50, 100, 150) after the minimum is met.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Fixed period requirements: The
                        DRP system looks at requirements for a given number of periods all
                        at once, and net requirements are for the entire block of time.
                        A planned order receipt would be for the start of this period.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Min-max: Orders must be greater
                        than the minimum but less than the maximum specified by the order
                        policy. If demand exceeds this maximum, one order will be placed
                        for the maximum amount and a second order will be placed for the remainder,
                        but this order will be for at least the specified minimum order.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                        
                        
                        
                        
                        
                        Economic order quantity (EOQ) and
                           similar techniques: Inventory might be ordered in quantities
                        that minimize the total cost of transportation plus inventory holding
                        costs. This becomes the order lot size in the DRP system for that
                        product.

                     
                     

                  
                  

               
               

            
            
         
         
   
      
         
         
         
         Section E: Master Scheduling and Material
            Requirements Planning

         
         
         
         
         
            
            
            
            
            
               After completing
                  this section, students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Explain the advantages of using an enterprise resource
                     planning system

                  
                  

               
               
               
               	
                  
                  
                  Trace production scheduling through master scheduling and
                     material requirements planning to interfaces with other areas of enterprise
                     resource planning

                  
                  

               
               
               
               	
                  
                  
                  Calculate a master
                     schedule grid’s PAB and available-to-promise (ATP) quantities per
                     period

                  
                  

               
               
               
               	
                  
                  
                  Explain the inputs
                     and outputs of the material requirements planning process.

                  
                  

               
               

            
            
            
            
               Exhibit 4-29 revisits the manufacturing
               planning and control overview to show where master scheduling (plus a key output,
               the master production schedule) and material requirements planning fit within the
               process.

            
            
            
            
               Exhibit 4-29: Manufacturing Planning and Control[image: ../images/CLTDgraphic2c-11.png]
            
            
            
            
            Since master scheduling and material
               requirements planning form what was initially the core of enterprise resource
               planning (ERP) systems, ERP is covered first here. This is followed by discussions
               of master scheduling and material requirements planning.

            
            

         
         
         
         
   
      
         
         
         
         Topic 1: Enterprise
            Resource Planning (ERP)

         
         
         
         
            
            
            Organizations use enterprise resource planning software to organize, define,
               and standardize business processes to gain competitive advantages.

            
            

         
         
         
         
         
            
            
            ERP

            
            
            
            
            
               
               
               
               
               
                  
                  The ASCM Supply Chain Dictionary defines enterprise resource planning (ERP) as
                  a

               
               
               
               
                  
                  framework
                     for organizing, defining, and standardizing the business processes necessary
                     to effectively plan and control an organization so the organization
                     can use its internal knowledge to seek external advantages. An ERP
                     system provides extensive databanks of information including master
                     file records, repositories of cost and sales, financial details,
                     analysis of product and customer hierarchies, and historic and current
                     transactional data.

                  

               
               
               
               ERP is really much more
                  than just a framework or a planning process. It is big-business
                  software that can run all aspects of an organization’s planning
                  and transactional requirements. ERP software is a modularized suite
                  of business applications that are seamlessly integrated to provide
                  automated interactions and a common source of data.

               
               
               
               Most companies have the
                  following modules:

               
               
               
               
                  
                  
                  	
                     
                     
                     Planning

                     
                     

                  
                  
                  
                  	
                     
                     
                     Manufacturing

                     
                     

                  
                  
                  
                  	
                     
                     
                     Purchasing

                     
                     

                  
                  
                  
                  	
                     
                     
                     Human
                        resources

                     
                     

                  
                  
                  
                  	
                     
                     
                     Finance

                     
                     

                  
                  
                  
                  	
                     
                     
                     Sales

                     
                     

                  
                  
                  
                  	
                     
                     
                     Logistics
                        (transportation management systems, warehouse management systems, customer
                        relationship management, supplier relationship management, etc.)

                     
                     

                  
                  

               
               
               
               A key feature of ERP systems
                  is a shared central database. ERP databases provide a single storage
                  location for each type of data. This minimizes data redundancy and enables
                  the various modules to create, access, and modify the same data.
                  The ERP data warehouse contains a number of files or categories
                  of data. The following are relevant to logistics:

               
               
               
               
                  
                  
                  	
                     
                     
                     Customer files contain
                        all information on individual customers, including terms of sale,
                        transaction records, customer delivery points, and customer service
                        notes.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Product-price
                        files contain all data on the firm’s products and services, including quantity
                        discounts, standard costs, and physical characteristics such as dimensions
                        and weight of units and unit loads.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Supplier
                        files list all suppliers for the organization, including supplier
                        shipping points, which allow the organization to consolidate suppliers
                        and find economies of scale.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Open
                        order files contain all current or potential product orders from
                        multiple channels, including special shipping or handling requests.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Purchase
                        order (PO) files are all open orders to suppliers.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Bill
                        of material files list product components and raw materials that
                        can be used in part to backschedule supplier deliveries.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Inventory
                        files show, by location, all available raw materials and finished
                        goods and forecasts of when work-in-process inventory will be available.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Order
                        and PO history files show past purchases and sales for forecasting
                        and budgeting.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Warehouse
                        and DC files list ownership type, contact information, mode, location, capacity
                        utilization, cost information, equipment and infrastructure, and transportation
                        mode and route access.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Carrier
                        files indicate carrier capabilities and capacity, routes, routing
                        guides, bulk discounts, contract status, and service history.

                     
                     

                  
                  

               
               
               
               Because these master data
                  are shared among modules, information in a vendor master file, for
                  example, will be used by purchasing, finance, planning, etc. Material master
                  information is used in modules such as purchasing, planning, and
                  logistics. Similarly, location information is used by planning,
                  purchasing, logistics, sales, human resources, and others.

               
               

            
            
         
         
   
      
         
         
         
         Topic 2: Master
            Scheduling

         
         
         
         
            
            
            Here we discuss
               the master schedule and how it is organized using inputs from other planning
               processes. We also look at how to use the master schedule to calculate projected
               available balance and available-to-promise quantities.

            
            

         
         
         
         
         
            
            
            The Master
               Schedule

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  
                  
                  After the collaborative
                  process of sales and operations planning creates a unified forecast,
                  after input from partners using CPFR® or
                  an equivalent, and after input from DRP and other actual demand
                  sources such as direct customer orders, master scheduling (MS) creates
                  a master production schedule that will commit the company to produce
                  specific products on particular dates.

               
               
               
               
                  The ASCM Supply Chain Dictionary defines
                  the master schedule as

               
               
               
               
                  
                  
                     
                     
                     
                     a format that includes time periods (dates), the
                     forecast, customer orders, projected available balance, available-to-promise, and
                     the
                     master production schedule. It takes into account the forecast; the production plan;
                     and
                     other important considerations such as backlog, availability of material, availability
                     of
                     capacity, and management policies and goals.

                  

               
               
               
               While the planning thus
                  far has worked only with aggregate supply and demand for product
                  families, the master scheduling process disaggregates the product
                  family data into specific units of individual products. Disaggregation
                  is based on current inventory levels, forecasts, demand plans, order
                  backlogs, and other considerations used to decide what the manufacturer
                  needs to produce and how much of each item to produce. Besides disaggregating
                  the product families, master scheduling also determines weekly production
                  dates based on the monthly projections in the production plan.

               
               
               
               
                  
                  There will be a master
                  scheduling grid for each product being manufactured. As illustrated
                  in Exhibit 4-30,
                  this grid calculates a projected available balance and available-to-promise
                  amounts for demand prioritization purposes. It also calculates the
                  master production schedule for operations purposes. Note that the
                  lot size for the master production schedule in this example is 50
                  units and there is no safety stock. Additional header information
                  would include the product name and product number.

               
               
               
               
                  Exhibit 4-30: Master Scheduling Grid[image: ../images/CLTDgraphic2c-19.png]
               
               
               
               
               
                  Source: APICS Master Planning of Resources,
                        Version 3.1
                     
                  

               
               
               
               The line items of the
                  master scheduling grid are defined as follows:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        Forecast. This is the per-period
                        demand plan for the individual end item.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Customer orders. According
                        to the ASCM Supply Chain Dictionary, a customer order is

                     
                     
                     
                     
                        
                        an
                           order from a customer for a particular product or number of products.
                           It is often referred to as an actual demand to distinguish it from
                           a forecasted demand.

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Projected available balance. The Dictionary defines projected available balance (PAB) as

                     
                     
                     
                     
                        
                        an
                           inventory balance projected into the future. It is the running sum
                           of on-hand inventory minus requirements plus scheduled receipts
                           and planned orders.

                        

                     
                     
                     
                     Whenever
                        the PAB in a given period falls to a negative value or below the
                        safety stock level, the MPS must be reevaluated. In this example,
                        you will see 50 to the left of PAB for period 1. This represents
                        the available inventory at the start of this planning horizon.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Available-to-promise (ATP). The Dictionary defines available-to-promise (ATP) in
                        part as

                     
                     
                     
                     
                        
                        
                           the uncommitted portion of a company’s
                           inventory and planned production maintained in the master schedule
                           to support customer-order promising.

                        

                     
                     
                     
                     The Dictionary defines order promising as

                     
                     
                     
                     
                        
                        the process of making a delivery commitment (i.e., answering
                           the question, “When can you ship?”). For make-to-order products, this usually involves
                           a check of uncommitted material and availability of capacity, often as represented
                           by
                           the master schedule available-to-promise.

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Master production schedule (MPS). The ASCM Supply Chain Dictionary defines the master production schedule (MPS) as

                     
                     
                     
                     
                        
                        a
                           line on the master schedule grid that reflects the anticipated build
                           schedule for those items assigned to the master scheduler. The master
                           scheduler maintains this schedule, and in turn, it becomes a set
                           of planning numbers that drives material requirements planning.
                           It represents what the company plans to produce, expressed in specific
                           configurations, quantities, and dates. The MPS is not a sales item
                           forecast that represents a statement of demand. It must take into
                           account the forecast, the production plan, and other important considerations
                           such as backlog, availability of material, availability of capacity, and
                           management policies and goals.

                        

                     
                     
                     
                     
                        
                        
                        MPS also takes into account interplant demand
                        , defined by the Dictionary as

                     
                     
                     
                     
                        
                        one plant’s need for a part or product that is produced by
                           another plant or division within the same organization. Although it is not a customer
                           order, it is usually handled by the master production scheduling system in a similar
                           manner.

                        

                     
                     

                  
                  

               
               
               
               
                  Note the time fences between
                  periods 3 and 4 and periods 8 and 9. A time
                     fence is defined by the Dictionary as

               
               
               
               
                  
                  a
                     policy or guideline established to note where various restrictions
                     or changes in operating procedures take place. For example, changes
                     to the master production schedule can be accomplished easily beyond
                     the cumulative lead time, while changes inside the cumulative lead
                     time become increasingly more difficult to a point where changes
                     should be resisted. Time fences can be used to define these points.

                  

               
               
               
               
                  
                  
                  
                  
                  
                  
                  There are two types of time
                  fences: the demand time fence (DTF) and the planning time fence (PTF). The two time
                  fences
                  create three zones, as shown in Exhibit 4-30:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                        
                        In the frozen zone, capacity and materials
                        are committed to specific orders. Only senior management can change
                        these orders.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                        
                        In
                        the slushy zone, there is room to negotiate in the form of tradeoffs.
                        The master scheduler is allowed to make these decisions.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                        
                        In
                        the liquid zone, all changes are permissible as long as they don’t
                        violate the limits set in the production plan or by the policy in
                        the sales and operations plan.

                     
                     

                  
                  

               
               
               
               Once the MPS is generated,
                  it is then sent to rough-cut capacity planning, which primarily
                  examines bottleneck areas for capacity constraints at the individual
                  product level. Once the schedule is workable, it is passed on to
                  material requirements planning to schedule the various supplies
                  that will need to be ordered or taken from inventory.

               
               

            
            
         
         
         
         
            
            
            Calculating the PAB

            
            
            
            
            
               
               
               
               
               
                  
                  The MS logic calculates
                  the PAB for all future periods based on the beginning inventory
                  and the demand for each period. In its simplest form, the PAB is
                  based on a calculation of

               
               
               
               
[image: ../images/4e-2_01_id179KA020KY4_mathml_64_width_1548.png]


               
               
               
               For MS, this is complicated
                  by having a formula for the periods before the demand time fence
                  and another for after the demand time fence.

               
               
               
               Prior to the demand time
                  fence, the calculation is as follows (with an example from period
                  1 in the exhibit):

               
               
               
               
[image: ../images/4e-2_02_id179KA0490HS_mathml_65_width_1278.png]


               
               
               
               After the DTF, the calculation
                  is as follows (with an example from period 6):
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               As you can see, prior
                  to the DTF we are concerned only with the known component of demand
                  (customer orders). After the DTF, it is the higher of orders or
                  forecast. This is because, in the frozen zone, materials are committed
                  to orders and orders are frozen. The MPS logic therefore considers
                  that only orders we have in hand will consume the on-hand inventory.
                  Beyond the DTF, we can expect to receive more orders than those already
                  booked.

               
               
               
               As noted, the MPS logic
                  uses the PAB level to determine when additional product is needed
                  and proposes an MPS activity. (The MPS has to be checked with the
                  rough-cut capacity plan to verify that capacity is available.) In Exhibit 4-31,
                  the MPS reflects a quantity of 50 units in period 3.

               
               
               
               
                  Exhibit 4-31: Master Scheduling Grid[image: ../images/CLTDgraphic2c-19.png]
               
               
               
               
               This was developed
                  by calculating the PAB for each period. Using the PAB formula, the first
                  period that goes negative is period 3. (The calculation would result
                  in minus 1 units in period 3 if no MPS activity had been proposed.)
                  Therefore, production of 50 units (replenishment for this product
                  is fixed at 50 units) is required in period 3. Calculations for
                  the remaining periods proceed in the same manner. Note the PAB of zero
                  in period 5. Many planners may feel that we need to have replenishment
                  at this point for many valid reasons. However, the basic MPS logic
                  is for the PAB to go negative before ordering. This can be configured
                  in the software either way.

               
               

            
            
         
         
         
         
            
            
            Calculating ATP

            
            
            
            
            
               
               
               
               
               
                  
                  Methods used to compute available-to-promise include
                  discrete ATP (or noncumulative), cumulative ATP with look-ahead, and cumulative ATP
                  without
                  look-ahead. For our example, we will use the noncumulative (discrete) method, because
                  it is
                  the base method that the other methods build upon. Noncumulative methods are used
                  for
                  products that have an expiration date, such as milk, vegetables, pharmaceuticals,
                  or beer.
                  Beer, for example, has a six-month time frame. The other methods account for unsold
                  ATP from
                  prior periods and backlogs in their calculations and are used for nonperishable items.

               
               
               
               At the beginning of the
                  planning horizon, the ATP amount includes inventory on hand plus
                  the items scheduled to arrive in the form of an MPS receipt or scheduled
                  receipts from a supplier. As customer orders come in and consume
                  the uncommitted inventory, the number of available items goes down.
                  When all the items have either been delivered or committed for delivery,
                  nothing is left to promise.

               
               
               
               Refer to the example from
                  period one in Exhibit 4-32.

               
               
               
               
                  Exhibit 4-32: Master Scheduling Grid[image: ../images/CLTDgraphic2c-19.png]
               
               
               
               
               ATP for the first period
                  of the planning horizon is calculated as follows:
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               For all other periods
                  in which there is an MPS, the ATP does not include inventory on hand,
                  so the formula is as follows (with an example from period 3 of the
                  exhibit):
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         Topic 3: Material
            Requirements Planning

         
         
         
         
            
            
            Material requirements
               planning uses many inputs to produce accurate calculations of the
               requirements for materials for production activities.

            
            

         
         
         
         
         
            
            
            MRP

            
            
            
            
            
               
               
               
               
               
                  
                  
                  Material
                     requirements planning (MRP) is defined in the ASCM Supply Chain Dictionary as

               
               
               
               
                  
                  a
                     set of techniques that uses bill of material data, inventory data,
                     and the master production schedule (MPS) to calculate requirements
                     for materials. It makes recommendations to release replenishment
                     orders for material. Further, because it is time phased, it makes
                     recommendations to reschedule open orders when due dates and need
                     dates are not in phase.

                  
                  Time-phased
                     MRP begins with the items listed on the MPS and determines (1) the quantity
                     of all components and materials required to fabricate those items
                     and (2) the date that the components and material are required.
                     Time-phased MRP is accomplished by exploding the bill of material,
                     adjusting for inventory quantities on hand or on order, and offsetting
                     the net requirements by the appropriate lead times.

                  

               
               
               
               
                  
                  
                  MRP plans dependent demand
                  items—the orders that will get the raw materials and components
                  needed to produce finished goods to the right work centers or suppliers at
                  the right times to meet the dates specified in the MS grid. The Dictionary defines dependent demand as

               
               
               
               
                  
                  demand
                     that is directly related to or derived from the bill-of-material
                     structure for other items or end products. Such demands are therefore
                     calculated and need not and should not be forecast.

                  

               
               
               
               
                  
                  
                  The Dictionary defines independent demand as

               
               
               
               
                  
                  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.

                  

               
               
               
               While independent demand
                  is the subject of demand forecasts, dependent demand is not. There
                  is demand for refrigerators, but there is no demand for refrigerator
                  doors on their own. Dependent demand is therefore calculated rather
                  than forecasted. It is vital to get this calculation right. A refrigerator
                  assembly line will be stopped if there are no doors to install.
                  At the same time, a crowded plant floor cannot accommodate high
                  levels of stock without decreasing efficiency and increasing safety
                  risks as well as other carrying costs. An MRP system looks into
                  the future to a finished product and then works backward. For each
                  component, it weighs the amount of stock on hand with what will
                  be required at a specific point and the amount of lead time required
                  to order stock.

               
               
               
               In some cases, there can
                  be both independent and dependent demand for the same item. An item
                  may be used as a component in finished production but also sold independently
                  as a repair part or upgrade item. For example, auto parts stores
                  stock replacement parts for independent sales to individuals and
                  repair shops. Those items are subject to independent sales and production
                  forecasts. MRP is used just for the parts that are used in new vehicles.

               
               
               
               MRP systems are time-phased,
                  meaning the system determines (1) the quantity of all components
                  and materials required to fabricate items and (2) the date that
                  the components and materials are required. Time-phased MRP is accomplished
                  by exploding the bill of material, adjusting for inventory quantities
                  on hand or on order, and offsetting the net requirements by the
                  appropriate lead times to produce planned orders. MRP planned orders
                  provide logistics professionals with advance notice regarding inbound
                  logistics requirements.

               
               
               
               
                  Exhibit 4-33 illustrates
                  the data inputs and outputs for MRP.

               
               
               
               
                  Exhibit 4-33: Material Requirements Planning[image: ../images/CLTDgraphic2c-20.png]
               
               
               
               
               As you can see from the
                  exhibit, inputs to MRP include the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     The master production schedule includes
                        planned or scheduled orders for end items—automobiles, finished
                        clothing, etc.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Inventory
                        status is what materials are already available for use in manufacturing the
                        finished goods and what finished goods exist now.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Bills
                        of material are descriptions of components and the quantities of
                        each needed to make one unit of the end item. This is sometimes
                        called the “product tree” because there is a parent-child relationship
                        between a component (the parent) and the subcomponents that make
                        it up (the children), and each further breakdown branches out further
                        and further.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Planning
                        factors include safety stock concerns and lead times (how long it
                        will take to get each component after it has been ordered, including
                        an estimated transit time; this is necessary for proper timing of
                        orders).

                     
                     

                  
                  

               
               

            
            
         
         
   
      
         
         
         
         Section F: Sourcing and Procurement

         
         
         
         
         
            
            
            
            
            
               After completing this section, students will be able
                  to
               

            
            
            
            
               
               
               	
                  
                  
                  Relate how logistics can add value to the
                     procurement process

                  
                  

               
               
               
               	
                  
                  
                  Explore how organizations set different
                     strategies for procuring different types of materials, using a range of
                     relationship types from purchase orders to strategic sourcing

                  
                  

               
               
               
               	
                  
                  
                  Identify and select suppliers using weighted,
                     objective criteria

                  
                  

               
               
               
               	
                  
                  
                  Negotiate contracts with suppliers

                  
                  

               
               
               
               	
                  
                  
                  Explain differences in contract types and
                     contract terms and conditions

                  
                  

               
               
               
               	
                  
                  
                  Assess suppliers and procurement using
                     comprehensive metrics.

                  
                  

               
               

            
            
            
            Logistics has many touchpoints with sourcing and
               procurement (which includes purchasing), because it ensures that all raw materials
               arrive at the right places at just the right time and in just the right quantity.
               Logistics and procurement can work together during both supplier selection and ongoing
               operations. For example, the functions can work to find the optimum number of suppliers
               for a given item, perhaps including others, such as manufacturing professionals.
               Procurement professionals will have a close relationship with suppliers and will be
               able
               to provide information on who is easiest to work with and who has available capacity
               for
               increased order sizes. Logistics professionals can provide input in estimating
               transportation and inventory carrying costs and so on. Transportation costs will vary,
               depending on whether full or partial shipments are needed, so logistics professionals
               may need to calculate what the minimum order size would be to qualify for a TL or
               CL
               discount. When full loads are not possible due to other considerations, logistics
               professionals can calculate the cost of intermediaries who could combine shipments
               with
               other organizations’ goods. During normal operations, logistics would then implement
               the
               best methods of shipment consolidation.

            
            
            
            Procurement flows naturally from the planning and
               control functions discussed elsewhere. MRP and/or DRP generate and release orders
               with
               standard lead times built in, so that if the materials are purchased right away they
               will normally arrive just in time for when they are needed.

            
            
            
            The materials and services being procured are a
               large percentage of many organization’s total costs, so they have traditionally been
               subject to multiple rounds of cost cutting. Selection of the lowest-price bidder has
               been common. This may still occur with commodities, but many other materials are ordered
               with higher priority placed on reliability, quality, and the stability of long-term
               supply partnerships. To accomplish this plus cost control, organizations set holistic
               objectives for procurement, such as ensuring that procurement effectively supports
               organizational objectives in the form of a steady and reliable flow of goods and
               services while still seeking out ways to become more and more efficient.

            
            
            
            Another common objective is that procurement work
               with internal business functions as if they were customers that need to be kept
               satisfied and kept in the communication loop. Procurement also needs to be proactive,
               managing the supply base to ensure that suppliers are meeting performance metrics
               and
               ethical goals and that the total number of suppliers is appropriate for the given
               requirements. Finally, procurement involves building relationships with key suppliers,
               working to solve common problems and participate in designs rather than treating them
               as
               adversaries or failing to communicate with them.

            
            
            
            Note that this area discusses only procurement of
               inventory. Procurement of logistics services, such as LSPs/3PLs or transportation
               carriers, is a direct logistics responsibility; procurement of inventory is generally
               handled by procurement professionals. Logistics procurement, along with the detailed
               RFP/ITT process that it entails, is addressed elsewhere. The purpose of this area
               is to
               give logistics professionals an idea of what procurement professionals do and how
               logistics professionals can contribute to that process. However, some contract terms
               and
               conditions are addressed here that apply to both inventory and service procurement.

            
            

         
         
         
         
   
      
         
         
         
         Topic 1: Purchasing
            Strategy

         
         
         
         
            
            
            Purchasing strategy is based
               on organizational strategy and needs to be complementary to the
               organization’s objectives. Developing such a strategy starts with
               organizational scanning such as a SWOT analysis related to internal
               and external procurement strengths, weaknesses, opportunities, and
               threats. The analysis will look at procurement technologies and
               culture to determine readiness to collaborate and develop relationships.
               External scanning will provide information on the opportunities
               and constraints related to sources of supply in various regions
               of the world.

            
            
            
            An understanding of where
               procurement is at and where it needs to be helps decision makers
               select an appropriate procurement organizational strategy, conduct
               a spend analysis and a make-or-buy analysis for each type of inventory,
               determine which suppliers should be elevated to strategic sourcing,
               and invest in the right technologies.

            
            

         
         
         
         
         
            
            
            Procurement Organizational Structure

            
            
            
            
            
               
               
               
               
               
                  
                  
                  The ASCM Supply Chain Dictionary defines sourcing as “the process of identifying
                  a company that provides a needed good or service.” It defines procurement as “the business
                  functions of procurement planning, purchasing, inventory control,
                  traffic, receiving, incoming inspection, and salvage operations.”
                  Procurement thus includes purchasing, which is a less comprehensive
                  term.

               
               
               
               Procurement can be located
                  at the executive level (e.g., a vice president of procurement),
                  at the director level (e.g., a position that reports to the vice
                  president of manufacturing), or at the operations level (e.g., a
                  position that reports to materials management). Its placement reflects
                  its perceived strategic importance to the organization. Greater
                  authority will reflect that procurement is expected to provide a strategic
                  advantage or keep tight profit margins from eroding.

               
               
               
               Procurement can be centralized,
                  decentralized, or a hybrid of the two. Centralized procurement concentrates
                  purchasing authority at headquarters, which helps when negotiating
                  cost-saving contracts to purchase in volume or in enforcement of
                  the use of preferred suppliers. A tradeoff is that it fails to leverage
                  local purchasing expertise. Decentralized purchasing does this but
                  can result in more suppliers with fewer economies of scale. Decentralized
                  procurement is effective when different divisions of a parent organization
                  manufacture product lines that require fundamentally different raw
                  materials, such as circuit boards in one subsidiary and chemical
                  compounds in another. Hybrid systems can provide the best of both
                  worlds, for example, using technology to enforce use of preferred
                  suppliers but allowing local contracts for other purchasing, perhaps
                  with headquarters supervision to minimize risks (e.g., audits).

               
               

            
            
         
         
         
         
            
            
            Spend Analysis and Make-or-Buy Decisions

            
            
            
            
            
               
               
               
               
               
                  
                  Spend Analysis

                  
                  
                  
                  
                     
                     A spend analysis determines what is being
                     bought from which suppliers at what costs and what needs to be acquired
                     for new products/services. Areas where suppliers could be consolidated
                     to gain economies of scale or scope can be explored and compared
                     to the value of diversification for minimizing risk. The analysis
                     could result in quantified as-is and to-be costs for use in procurement
                     budgets for inventory. It could also find ways to reduce the workload
                     for procurement personnel or identify a need for new technologies.

                  
                  
                  
                  Information systems
                     exist that can help with supplier spend analysis, for example, consolidating
                     orders to receive bulk discounts and TL or CL shipping. Spend analysis tools
                     can also help remove errors in supplier databases such as the same
                     supplier being listed under more than one name. Having each supplier
                     in the system only once will help ensure that all volume or bulk
                     discounts are applied correctly rather than having some transactions
                     be unaccounted for. (However, some suppliers may need to have more
                     than one potential shipping location listed if they maintain their
                     own distribution networks with their own DCs.) These systems can
                     also enforce the use of preferred suppliers. Each organization can
                     specify a set of business rules for purchasing transactions. The
                     systems can help with automated purchase order generation as well
                     as order acknowledgments and ship notices.

                  
                  
               
               
               
               
                  
                  Make-or-Buy Decisions (for Inventory)

                  
                  
                  
                  
                     
                     The general process for
                     make-or-buy analysis is covered elsewhere. When it comes to raw
                     materials or finished goods inventory, make-or-buy analysis follows
                     the general process given there, in that it starts by looking at
                     what is or should be a core competency. The cost of making an item
                     in house (including inventory carrying costs) is compared to the
                     global market landed cost. In general, the lowest-cost-for-value option
                     will be selected, except when the item has proprietary value, high
                     complexity, or other risks that should be considered in the analysis.

                  
                  
                  
                  One key analysis to conduct
                     when determining what to make and what to buy is to classify goods
                     according to their relative risk and value. The combination of low
                     or high risk and low or high value to the organization creates four
                     quadrants. This is called the quadrant model (or Kraljic model or
                     matrix); it is shown in Exhibit 4-34.

                  
                  
                  
                  
                     Exhibit 4-34: Quadrant Model[image: ../images/CLTDgraphic2d-27.png]
                  
                  
                  
                  
                  Generics,
                     also called routine purchases, have low risk and low value, so these
                     will generally not be elements used in production but will be peripherals
                     such as maintenance, repair, and operating supplies. The strategy
                     is to reduce the buying effort and buy these from the lowest bidder
                     with the least logistics expense. Online trade exchanges are a good
                     way to buy these in auctions and so on. Inventory strategy for this
                     quadrant is to carry no safety stocks and keep inventory in a single
                     stocking location.

                  
                  
                  
                  Commodities,
                     also called leverage purchases, have low risk but high value, so
                     these will be the raw materials used in production that are easily
                     obtained, and the buyer will be indifferent to the supplier. (Any
                     supplier will do.) The strategy is to concentrate purchases and
                     pursue lowest-cost sourcing. Purchasing in volume will provide economies
                     of scale in price and logistics services. The organization may want to
                     make a list of suppliers who should be avoided due to past service
                     failures. Inventory strategy for commodities is to carry safety
                     stock in each location where the inventory is needed.

                  
                  
                  
                  Distinctives, also called
                     bottleneck purchases, could be made or bought, depending on core
                     competencies and the economics of the situation. These are high
                     in risk to competitive strategy but low in value to the final end
                     user. The high risk may come from difficulty in sourcing. For example,
                     substitute goods might be hard to find or significantly more expensive
                     than the chosen source. When they are bought, priority should be
                     on acquiring a dependable supply at a steady price, so strategic
                     sourcing (discussed below) is used and as many suppliers as possible
                     are qualified so there is less risk of a shortage. Inventory strategy
                     for distinctives is to keep high safety stock in each location where
                     the inventory is needed.

                  
                  
                  
                  Criticals
                     might need to be made because they have both high risk and high
                     value, meaning that no easy substitutions are possible and the finished
                     product will not function without it. When the product is bought,
                     it is done so using strategic sourcing to ensure collaborative design,
                     stringent quality, and production to exact specifications from an
                     organization who has this as a core competency. Inventory policy
                     for criticals is to have high safety stock in each location where
                     it is needed.

                  
                  
               
               

            
            
         
         
         
         
            
            
            Strategic Sourcing

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  
                  
                  
                  Strategic sourcing involves
                  identifying, evaluating, negotiating, and configuring supply across
                  multiple geographies in order to reduce costs, maximize performance,
                  and mitigate risks.

               
               
               
               The ASCM Supply Chain Dictionary defines strategic sourcing as

               
               
               
               
                  
                  a
                     comprehensive approach for locating and sourcing key material suppliers,
                     which often includes the business process of analyzing total-spend-for-material
                     spend categories. The approach includes a focus on the development
                     of long-term relationships with trading partners who can help the
                     purchaser meet profitability and customer satisfaction goals. From
                     an information technology applications perspective, it includes
                     automation of requests for quotes, requests for proposals, electronic
                     auctioning (e-auction or reverse auction), and contract management processes.

                  

               
               
               
               
                  Strategic sourcing can
                  be contrasted with tactical buying
                  , which is defined in the Dictionary as

               
               
               
               
                  
                  the
                     purchasing process focused on transactions and nonstrategic material
                     buying. It is closely aligned with the ordering portion of executing
                     the purchasing transaction process. Its characteristics include
                     stable, limited fluctuations; defined standard specifications noncritical
                     to production; no delivery issues; and high reliability concerning
                     quality-standard material with very little concern for rejects.

                  

               
               
               
               While both types of procurement
                  could include developing long-term relationships, strategic sourcing
                  is used for those distinctives and criticals in the quadrant matrix—things
                  that move your item from an order qualifier to an order winner.
                  Thus these relationships will be more than just long-term. They
                  will be highly collaborative partnerships in which the organizations
                  act as one. This can take the form of helping to improve a supplier’s
                  capabilities, for example.

               
               
               
               Strategic sourcing works
                  toward high reliability and very low variability. The six sigma
                  concept could be used to achieve this. Both parties need to closely
                  analyze costs and spending patterns. Supplier profiles can list
                  suppliers’ volume capabilities and current share of your purchase
                  for the item, the variety they can produce, their agility in flexing
                  supply, and their variability.

               
               
               
               Strategic sourcing does
                  not disregard costs or risks. It works to get the most value out of
                  the organization’s total procurement spend using comprehensive analysis
                  such as lowest total cost of ownership. Strategic sourcing can use
                  single-sourcing, but some degree of diversification is preferred
                  to minimize risk—unless the source is itself geographically diversified
                  and quite stable. The ASCM Supply
                     Chain Dictionary defines this and some related terms.

               
               
               
               
                  
                  
                     
                     
                     
                     Single-source supplier
                     : A company that is selected
                     to have 100 percent of the business for a part although alternate
                     suppliers are available.

                  
                  
                     
                     
                     
                     Multisourcing
                     : Procurement of a good or
                     service from more than one independent supplier.

                  
                  
                     Sole source
                     : A supply situation where
                     the supply of a good or service is available from only one organization.
                     Usually technical barriers, such as patents, complex tooling, or
                     component designs, preclude other suppliers from offering the product.

                  

               
               
               
               Strategic sourcing functions
                  only when the organization and its small set of core suppliers are
                  all mutually benefiting from the arrangement. Each party will also
                  be adding distinct value, performing just those things that are
                  core competencies for them. The net result is a streamlined network
                  of suppliers but one that has more frequent and better communication.
                  This synergy should create opportunities for partners to suggest
                  innovation. Since these are ongoing partnerships, the partners can also
                  find ways to automate transactions and share technologies to reduce
                  operational costs.

               
               

            
            
         
         
         
         
            
            
            Warehouse Capacity Constraints

            
            
            
            
            
               
               
               
               
               
                  Logistics professionals
                  will help the procurement function in planning procurement by determining
                  whether warehouse capacity constraints will require changing the order
                  size and/or timing of deliveries to the given warehouse.

               
               
               
               The primary element
                  to optimize in a warehouse is throughput. A warehouse has an optimal
                  amount of space utilization (the maximum is around 85 percent),
                  and going above this level creates efficiency bottlenecks and may
                  quickly create cost overruns. For example, if four loads show up
                  when there is no place to put the inventory, this may require leaving
                  the trailers out in the lot and paying detention fees, possibly
                  for an extended period of time, since the imbalance can be difficult
                  to correct at a busy warehouse. (Detention also creates a high theft
                  risk.) Periods where utilization is well below optimum creates an
                  opportunity cost due to worker and space underutilization.

               
               
               
               The key to good throughput
                  is to have incoming shipments match outgoing shipments to the degree
                  possible so as to minimize spikes or dips in inventory. Logistics professionals
                  can use exception management to provide warnings to purchasing professionals
                  only when order size or timing would cause issues, and they can
                  require suppliers to provide advance ship notices (ASNs) as a second
                  line of defense. One area of risk for logistics professionals is
                  with delivered pricing. If the supplier arranges the delivery and
                  if this delivery is not communicated to logistics, then the arrival
                  comes as a surprise. For this reason, when delivered pricing is
                  allowed, reliable communications methods (i.e., automated alerts
                  such as ASNs) are needed.

               
               
               
               While overall capacity
                  needs to be checked, at a more detailed level specific types of storage
                  spaces will also need to be assessed for capacity, such as racking
                  space, floor space, bulk storage space, automated picking capacity,
                  and dock space/doors.

               
               

            
            
         
         
         
         
            
            
            Transportation Capacity Constraints

            
            
            
            
            
               
               
               
               
               
                  Transportation capacity
                  constraints can become an issue when the available carriers are
                  mismatched with the available loads, especially when there is a
                  minimum order size (e.g., some carriers specialize in TL while others
                  specialize in LTL), when there is severe weather and a number of
                  shipments are delayed and a backlog develops, or when there are
                  a large number of empty containers to fill or have a service haul
                  away to avoid detention fees. The transportation budget can also
                  become a constraint, such as by limiting the number of air shipments
                  in a period or when a given route is not profitable. Required lead
                  times can be considered a constraint on the types of shipping methods
                  that are viable. Driver or vehicle shortages can also be an issue.

               
               
               
               
                  Transportation scheduling
                  often relies on several tiers of capacity. The first choice is called
                  the primary award, and this is a preferred carrier for a given route
                  who has a contract to provide the services for a negotiated price
                  and service level. When these sources are booked up, the second
                  choice is to turn to a routing guide
                  , which, according to the ASCM Supply Chain Dictionary, is

               
               
               
               
                  
                  a
                     shipping tool used to manage logistics activities for shipments
                     between two points. It contains mode and carrier information, freight
                     rates, and service requirements.

                  

               
               
               
               This is basically a
                  preapproved list of carriers. Each carrier on the list has the option to
                  accept the load. If it is not accepted, the offer goes to the next
                  carrier on the list. Once these sources are exhausted, the third
                  choice is often to turn to an online auction for transportation
                  services in which the load is usually awarded to the lowest qualifying
                  bidder. (The logistics professional does not get to select the carrier.)
                  Use of such services may increase costs if there is a relative shortage
                  of service providers for a route (the shortage could be related
                  to a lack of vehicles and/or a lack of drivers), and they could
                  also increase risks such as for retail compliance. However, many
                  of these exchanges, such as Cargup in Italy, do carrier screening.
                  These online services can relieve a transportation capacity constraint
                  when a delay or other change is not a good option. In some cases,
                  an online auction can also reduce costs. For example, Teleroute
                  is an exchange serving Europe that allows organizations to list
                  routes that are not profitable for them to service and a carrier
                  can bid to get the route. The relative levels of costs at each of
                  these tiers should be tracked individually against targets for these
                  metrics, and other quality metrics can be used.

               
               

            
            
         
         
   
      
         
         
         
         Topic 2: Procurement
            Process

         
         
         
         
            
            
            The procurement process
               starts with aligning procurement with organizational objectives.
               In many cases, the process will involve selecting among tradeoffs,
               for example, accepting higher costs to allow organizational objectives
               of lean and just in time to be met. If procurement costs are minimized
               without sensitivity to tradeoffs, the result could be higher inventory
               levels than acceptable as materials arrive in bulk and must be stored.

            
            
            
            The procurement process
               includes the following supplier selection and supplier management
               steps:

            
            
            
            
               
               
               	
                  
                  
                  Selecting suppliers:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Identify purchasing requirements for direct
                           and indirect materials.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Specify
                           procurement standards and requirements for price, quantity, functionality,
                           and esthetics.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Identify
                           potential suppliers.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Specify
                           evaluation criteria and assign weights.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Issue
                           requests for proposal/invitations to tender.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Rank
                           candidates and make selection.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Negotiate
                           price and service levels.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Review
                           terms and conditions and sign contracts.

                        
                        

                     
                     

                  
                  

               
               
               
               	
                  
                  
                  Managing
                     suppliers:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Issue purchase orders.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Monitor
                           and control deliveries.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Receive
                           and accept goods and pay invoices.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Continually
                           improve supplier performance.

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            Note that some of these
               steps may be repeated and others may be needed only sporadically.

            
            

         
         
         
         
         
            
            
            Selecting Suppliers

            
            
            
            
            
               
               
               
               
               
                  
                  Supplier selection
                  is a critical task. Some suppliers could have hidden deficiencies, while
                  others might simply not be the best fit for a particular need. Another
                  supplier might be more expensive without providing more added value
                  than a cheaper competitor.

               
               
               
               The supplier selection process
                  begins as soon as there is an identified need for something the
                  organization cannot or chooses not to make itself. It starts by determining
                  the product or service requirements.

               
               
               
               
                  
                  Identify
                     Purchasing Requirements.

                  
                  
                  
                  Direct
                     materials include raw materials and goods purchased for resale.
                     They are often ordered in large quantities, may vary considerably
                     in value depending on the industry, and are operational in nature.
                     Requirements for MRP materials are specified in the relevant bills
                     of material. Other material requirements come from purchase requisitions,
                     DRP, or reorder point systems. These requirements specify what is
                     being ordered, in what quantity, and the ordering time frame.

                  
                  
                  
                  Indirect materials include
                     tactical materials such as maintenance, repair, and operating (MRO)
                     supplies as well as strategic materials such as capital goods and services.
                     MRO supplies are usually ordered in small quantities at sporadic
                     but relatively high frequency overall. The value tends to be low.
                     Capital goods are very high-value goods that are infrequently ordered
                     in small quantities. Some capital goods will be in the form of custom
                     equipment or services. These require detailed requirements.

                  
                  
                  
                  For all types of procurement,
                     purchasing needs to verify that the documentation is in order (units
                     of measure, quantities, delivery date, minimum order size, and other information)
                     and that it has the proper approvals.

                  
                  
                  
                  As part of the process of refining the
                     product requirements, the organization should identify any stakeholders
                     who should be involved and become familiar with the economic and
                     regulatory environment related to the item. This includes not only
                     a market scan of prices, if these are readily available, but also
                     a review of laws in each country where the product will be produced
                     or sold.

                  
                  
               
               
               
               
                  
                  Specify
                     Standards and Requirements.

                  
                  
                  
                  Organizations can select the appropriate
                     international standards, such as those promulgated by ISO (the International
                     Organization for Standardization), to guide industry specifications.
                     Universal standards that apply across industries, such as for quality,
                     can also be used. This is a much more affordable solution than attempting
                     to develop one’s own standards and then get all suppliers to abide
                     by them.

                  
                  
                  
                  Detailed product
                     specifications can be generated that refer to the standards whenever possible.
                     The specification can state that a particular parameter was chosen
                     out of the range of choices given in the standard, thus saving considerable
                     time and money in developing the specifications. There are several
                     categories of requirements that specifications should document:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        
                           Price requirements. This is
                           an estimate of the maximum price that could be paid given the target
                           price of the final good after accounting for other costs.

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           Quantity requirements. The
                           general volume and frequency of purchases will dictate the nature
                           of the processes used to create and deliver them.

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           Functionality requirements. These
                           are what the subcomponent or finished good should be able to do
                           to contribute to user value, including quality (i.e., fitness for use,
                           as defined by the customer).

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           Esthetics. This addresses look
                           and feel as well as relative grade (whether it is a budget or premium
                           product).

                        
                        

                     
                     

                  
                  
                  
                  Another
                     requirement is to specify whether to order a name brand or just
                     to provide the parameters and specifications for anyone to produce.
                     Subcomponents generally fit in the latter category, but Intel has
                     shown that even for subcomponents like CPUs marketing can be used
                     to generate brand-specific demand.

                  
                  
               
               
               
               
                  
                  Identify
                     Potential Suppliers.

                  
                  
                  
                  Prior
                     to starting a search for a new supplier, procurement reviews existing
                     suppliers to determine whether any of them can supply the required
                     materials. When an organization has multiple subsidiaries or divisions,
                     this search may extend to their suppliers. For example, an Italian
                     subsidiary may discover that a French subsidiary has an ideal preferred
                     supplier for a given need.

                  
                  
                  
                  Sources
                     for supplier searches include the internet, trade magazines, their
                     direct marketing to you, and word of mouth from salespersons and
                     experts. Trade shows can be a good source, but there is a cost to
                     attend and the shows usually occur only once a year. Advertisements
                     online or in publications might be somewhat deceptive.

                  
                  
                  
                  
                     
                     
                     
                     Online communities exist
                     for trading that are hosted by private parties, the buyer, or a consortium
                     of buyers in an industry. These can take the form of auctions, which involve
                     bidding on commodities, or exchanges, which are online catalogs
                     or places for prequalified bidders to compete to win contracts.
                     These systems work well for purchasing in some cases, but they can
                     place too much emphasis on price, and more traditional requests
                     for proposal (RFPs) or invitations to tender (ITTs) are recommended
                     for complex or mission-critical purchases or for establishing long-term relationships
                     with key suppliers. To this end, some sites simply make it easier
                     to send out RFPs/ITTs and get the responses along with facilitating
                     other documents such as purchase orders.

                  
                  
                  
                  Exchanges often feature supplier search
                     capabilities that help rank suppliers not only by price but by quality
                     and capabilities. RFP/ITT tools may also contain supplier search
                     functionality to widen the pool of qualified suppliers.

                  
                  
                  
                  Note that use of online
                     auctions or brokers carries some risk. For example, if there is
                     a time-critical need for a one-time purchase of non-commodity inventory
                     such as microprocessor chips being allocated to a different order,
                     use of these online services could fill the need by the deadline.
                     However, one risk is that the supplier or the online service could
                     be supplying counterfeit or inferior goods. It is difficult or impossible
                     to vet these parties prior to the purchase.

                  
                  
               
               
               
               
                  
                  Specify
                     Evaluation Criteria and Assign Weights.

                  
                  
                  
                  Evaluation criteria are the cost and competitive
                     attributes that organizations use to evaluate and rank suppliers.
                     Some criteria, such as price, will be objective, while most others
                     will be subjective assessments of strengths and weaknesses relative
                     to the competition. Weighting can be used to place higher priority
                     on some decision criteria and less on other criteria.

                  
                  
                  
                  The example in Exhibit 4-35 shows
                     11 criteria, with a percentage weight assigned to each. If the decision
                     were to equally weight each criterion, each would be assigned a weight
                     of about 9.1 percent. In the example, price and lead time are given
                     the highest weight. The weight times the rank (1 to 5, with 5 being
                     the most favorable to the organization) equals the weighted rank.
                     These weighted ranks are summed at the bottom. Supplier C has the
                     highest net rating even though it has the highest landed cost. (The
                     costs are summed and then ranks of 1 to 5 are assigned relative
                     to lowest landed cost so they can be used in the ranking system.)

                  
                  
                  
                  
                     Exhibit 4-35: Weighted Selection Criteria[image: ../images/CLTDgraphic2d-28.png]
                  
                  
                  
                  
                  This
                     is by no means the only way to create a set of weighted selection
                     criteria, but it illustrates the concept.

                  
                  
                  
                  Note the criteria that are used.

                  
                  
                  
                  There are three cost criteria:
                     price, transportation cost, and inventory carrying cost. The inventory
                     carrying cost would increase for items that need to be ordered with longer
                     intervals between ordering, assuming that this also involves larger
                     quantities per order. (This increases average inventory levels over
                     those of an organization that orders the same total quantity but
                     with smaller, more frequent orders.)

                  
                  
                  
                  The next category is value factors. These
                     are competitive differentiators. Capacity, for example, would be
                     an indication that the supplier could supply the volumes required. Collaboration
                     is an assessment of how well the supplier could be brought to deeper levels
                     of partnership such as collaboration in product design.

                  
                  
                  
                  The third category is
                     risks. Here the risks are availability, lead time, and price change. Availability
                     relates to whether the supplier might be able to promise its capacity
                     to other buyers. Contracts might guarantee a certain amount of availability.
                     Lead time relates to variability resulting in early or late deliveries.
                     Price change refers to the chance that the supplier could increase
                     prices within a given period of time. Again, this could be regulated
                     by contract, but the supplier would need to agree to it.

                  
                  
                  
                  Obviously, many other
                     criteria could be used, such as financial stability, innovative processes
                     or equipment, IT investment, commitment to sustainability, and so
                     on. The set selected and the weights should match organizational
                     and procurement strategy. For example, weighting for distinctives
                     might emphasize stable sources of supply while for criticals it
                     would emphasize willingness and ability to collaborate closely. Generics
                     or commodities, on the other hand, will certainly weight price heavily.

                  
                  
               
               
               
               
                  
                  Issue
                     RFPs/ITTs.

                  
                  
                  
                  
                     
                     The organization
                     sends out requests for information (RFIs) if it wants to further narrow
                     the list and then sends out RFPs or ITTs. Procurement of generics
                     or commodities might skip this step and use an exchange or other
                     method of quickly assessing and selecting suppliers. However, since
                     commodities are of high value, this process might be used to find
                     a longer-term source of supply. Long-term contracts for commodities
                     usually require the supplier to find ways to continually reduce
                     the total contract cost over time.

                  
                  
               
               
               
               
                  
                  Rank
                     Candidates and Make Selection.

                  
                  
                  
                  
                     Supplier responses are used to fill out
                     the weighted evaluation criteria form such as the one shown in Exhibit 4-35.
                     Multiple people might provide ratings, and their responses would
                     be averaged before putting them into the form. Note that pricing might
                     not be settled until negotiation, in which case the price criterion
                     in the form could be based on estimates.

                  
                  
                  
                  A short list of final candidates is created,
                     and the finalists might be given the chance to make presentations,
                     provide plant tours, and so on.

                  
                  
                  
                  Once the supplier is chosen, it is entered
                     into the organization’s ERP system or other type of purchasing software.
                     These databases will contain master lists of suppliers along with
                     information on supplier capabilities and performance history. Preferred suppliers
                     can be designated, and approval systems can be put in place for
                     use of non-preferred suppliers.

                  
                  
               
               
               
               
                  
                  Negotiate.

                  
                  
                  
                  The next step is negotiation,
                     which starts by specifying the negotiating methods, including how
                     the price will be arrived at and the contract type. Prices could
                     be based on competitive bidding, with the winning bidder being approved
                     based on a fixed or variable price. Variable costs can be market-
                     or cost-based prices. Market-based prices are determined by the
                     market in one way or another; subsets include auction prices and
                     published rate prices. Cost-based pricing is based on the actual
                     cost of materials and labor of the supplier plus a markup for profit.
                     If cost-based methods are used, the supplier should be required
                     to submit reviews and audits to accounting to provide more than
                     just their word regarding costs.

                  
                  
                  
                  Negotiating requires doing some research
                     regarding who has the relative power. A large retailer like Walmart
                     has considerable buying power and thus power over its suppliers.
                     Suppliers can have leverage when they are supplying unique or hard-to-substitute
                     products. Supplier power can also be due to inertia; the expense
                     of switching from an established provider might be cost-prohibitive.
                     Finally, a supplier might provide a large percentage of the total
                     volume of product that is available. In other situations, the buyer
                     will have more power.

                  
                  
                  
                  Traditional
                     negotiating tactics include the following forms, which are called
                     position-based tactics:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Hard
                           negotiators view other parties as adversaries to be beaten, so they
                           take a position, demand concessions, and give none in return. They
                           threaten, mislead, or pressure the other party. This can endanger
                           long-term success.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Soft
                           negotiators value agreement to the point that they disclose their
                           bottom line, alter their position, or accept one-sided agreements
                           that involve only concessions. Contracts may be won, but this party
                           is left feeling exploited and may be financially at risk.

                        
                        

                     
                     

                  
                  
                  
                  These positions can be
                     described as win/lose or lose/win. There may be a time and place
                     for either method, depending on one’s negotiating power and the
                     value placed on having a long-term relationship (e.g., a relationship
                     could have low value if many similar suppliers exist).

                  
                  
                  
                  
                     
                     
                     Fisher and Ury of the
                     Harvard Negotiation Project developed a third option: a win/win
                     negotiation technique called principled negotiation. Rather than
                     negotiation in which each party sequentially takes or gives up actual
                     or deceitful positions, principled negotiation starts by insisting
                     on several criteria for long-term gain (none of which are typically
                     present in win/lose or lose/win tactics):

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Negotiation
                           should efficiently solve the underlying issues.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Negotiation
                           should preserve or increase positive relationships.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Agreements,
                           if reached, should endure, meet both parties’ actual needs to the extent
                           possible, resolve conflicts of interest fairly, and be in the community’s interests.

                        
                        

                     
                     

                  
                  
                  
                  Principled negotiation
                     is an interest-based bargaining style based on the following tenets:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        
                           Separate
                              the people from the problem. Rather than trying to be adversaries
                           or friends, principled negotiators insist on the criteria listed
                           above for long-term gain. They attack the problem rather than the
                           other party.

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           Focus on interests, not positions. Position
                           taking leads to defensiveness. Principled negotiation avoids taking
                           positions or insisting on a bottom line. Instead, negotiators relate
                           what they are interested in achieving and seek to understand what
                           the other party is interested in achieving.

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           Invent options for mutual gain. Principled
                           negotiators first seek a time frame in which to study the problem
                           rather than bowing to time-based pressure. During this time, they
                           devise alternatives that could satisfy the interests of both parties.

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           Insist on the use of objective
                              criteria. Rather than engaging in haggling, principled negotiators
                           guide any disagreement toward deciding upon a fair standard that
                           both parties can agree will be the basis for the decision (e.g.,
                           market value, expert opinion, analysis results, the law, ethical
                           standards).

                        
                        

                     
                     

                  
                  
                  
                  Principled
                     negotiation or similar negotiation tactics can result in relationships
                     that are perceived as profitable and indispensable by both parties,
                     which, in turn, means that the buyer is not constantly looking for
                     a new supplier.

                  
                  
                  
                  Both
                     parties in any style of negotiation are advised to predetermine
                     their best alternative to a negotiated agreement. This is what the
                     organization would do if the negotiation fails. It might be to negotiate
                     with the runner-up supplier, manufacture the product in house, partner
                     with an existing supplier to expand its operations, and so on. When
                     the costs and benefits of this alternative are known in advance,
                     the negotiator will know when it is better to walk away (or to take
                     an offer that isn’t perfect but still beats this best alternative).

                  
                  
               
               
               
               
                  
                  Review
                     Terms and Sign Contracts.

                  
                  
                  
                  However it occurs, negotiation usually
                     results in a contract between buyer and supplier. The two entities
                     agree to a set of terms and conditions. Contracts, including contract
                     terms and conditions, are discussed elsewhere.

                  
                  
               
               

            
            
         
         
         
         
            
            
            Managing Suppliers

            
            
            
            
            
               
               
               
               
               
                  
                  The remaining steps
                  of the procurement process are part of operations and monitoring
                  and controlling processes. Relationship management steps are needed
                  to ensure that suppliers are efficient and reliable over time.

               
               
               
               
                  
                  Issue
                     Purchase Orders.

                  
                  
                  
                  
                     
                     
                     
                     The ASCM Supply Chain Dictionary defines
                     a purchase order (PO) as

                  
                  
                  
                  
                     
                     the purchaser’s authorization used to formalize a purchase
                        transaction with a supplier. A purchase order, when given to a supplier,
                        should contain statements of the name, part number, quantity, description,
                        and price of the goods or services ordered; agreed-to terms as to payment,
                        discounts, date of performance, and transportation; and all other agreements
                        pertinent to the purchase and its execution by the supplier.

                     

                  
                  
                  
                  Purchase
                     orders can be used for recurring as well as one-time purchases.
                     They typically include clauses and terms to cover all aspects of
                     the exchange: warranties, remedies, party liabilities, inspection
                     and rejection rights, and cancellation conditions. Purchase orders
                     are used to buy

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Raw, semi-finished, and
                           finished materials and components used or converted during manufacturing

                        
                        

                     
                     
                     
                     	
                        
                        
                        Custom
                           equipment and services like storage and materials-handling equipment, custom-designed
                           machinery, and computerized information systems as well as consulting
                           services for advertising, training, or market research

                        
                        

                     
                     
                     
                     	
                        
                        
                        MRO
                           inventories and services that are used in the regular course of
                           business operation, for example, consumable office supplies, equipment
                           and repair parts, contracting services, and facility repair

                        
                        

                     
                     
                     
                     	
                        
                        
                        Goods
                           purchased for resale typically by distributors and retailers directly
                           to their end customers.

                        
                        

                     
                     

                  
                  
                  
                  Note that the need for POs is avoided in
                     some types of continuous replenishment partnerships.

                  
                  
                  
                  POs and their variants
                     include the following.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        
                           Stand-alone POs. POs for discrete,
                           one-time orders can be issued. The PO in this case is the only contract.

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           Pre-negotiated blanket agreements. For
                           agreements that last for a given period of time, the master contract
                           regulates the overall terms such as pricing and logistics, but,
                           in the standard state of affairs, individual transactions still
                           require an individual purchase order, which specifies unit types,
                           quantities, and order timing.

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           Vendor-managed inventory or other
                              partnerships. Under vendor-managed inventory (VMI), the supplier
                           needs no POs to restock. Retail sales might dictate when the supplier
                           is paid. Under continuous replenishment methods, whenever one unit
                           is sold it automatically generates a PO for one more.

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           Electronic procurement auctions. Trade
                           exchanges and auctions can be used to purchase industry-specific
                           or general commodities where the seller is interchangeable and price
                           is the main decider. The winning bid constitutes a PO.

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           Purchasing/procurement card (p-card). P-cards
                           are basically corporate credit cards that can be restricted in their
                           allowed users/uses and audited for control. They can reduce administrative
                           costs and speed up purchasing.

                        
                        

                     
                     

                  
                  
                  
                  Most PO issuance is through electronic
                     data interchange (EDI) of entirely paperless orders primarily via
                     the internet. Even most international transactions involve entirely
                     electronic payment and other documentation.

                  
                  
                  
                  Note that POs are not used to initiate
                     purchasing of logistics services, such as contracting with a carrier
                     for transportation. This instead uses a delivery order, as is addressed
                     elsewhere.

                  
                  
               
               
               
               
                  
                  Monitor
                     and Control.

                  
                  
                  
                  Suppliers
                     need to be monitored to track and record any variance between scheduled and
                     actual delivery dates, use of agreed upon-protocols such as pre-clearing shipments,
                     any variance in purchase price and so on, and any other metrics
                     agreed to in the contract. Another thing to monitor is expediting.
                     Expediting should be an exception, not a rule. If expediting is
                     used too much, it is important to correct the underlying causes
                     that generate these emergency situations. Any variation beyond the thresholds
                     agreed to in the contract needs to trigger feedback to the supplier
                     and corrective action on your part as needed, based on the supplier’s
                     subsequent actions.

                  
                  
                  
                  On
                     an ongoing basis, logistics and/or an LSP will be responsible for
                     coordinating shipments with suppliers and for tracking their performance
                     metrics and providing feedback to ensure that issues are corrected.
                     The procurement professional may take the lead on providing this
                     feedback, depending on the organization, but, even if not, the he
                     or she needs to be kept informed of all supplier failures and issues.

                  
                  
               
               
               
               
                  
                  Receive
                     and Pay.

                  
                  
                  
                  
                     
                     
                     Receiving is not a value-added activity in the eyes of
                     customers, so it is best to minimize the time spent on this step. While
                     receiving is responsible for counting all units and/or verifying weight and
                     inspecting units for damage (the use of digital photos of the goods and other
                     technologies such as instant messaging can speed this process), it might use
                     random sampling for very large shipments as well as automation such as barcode
                     readers on conveyor belts and so on. Receiving can also develop partnerships and
                     find ways to certify key suppliers so that inspections aren’t needed. Receiving
                     uses an exception process for incomplete or damaged deliveries and forwards the
                     verified documentation for correct deliveries to accounts receivable.

                  
                  
                  
                  Accounts receivable
                     then does a three-way match to verify that the quantities and other
                     details on the PO match the packing slips and the invoice. If everything
                     is in order, the order is approved for payment.

                  
                  
               
               
               
               
                  
                  Continually
                     Improve.

                  
                  
                  
                  Controlling
                     costs in procurement needs to proceed from a systemwide perspective
                     on total cost minimization as per the prior discussions of tradeoffs.
                     However, there are generally a number of ways to reduce costs that
                     involve acceptable tradeoffs. These include the use of technologies
                     to reduce staffing requirements, programs for managing price changes
                     or reduction of purchase costs, purchasing contracts that minimize
                     inventory ownership (sometimes called “stockless” purchasing contracts), or
                     contracts to buy in volume.

                  
                  
               
               

            
            
         
         
   
      
         
         
         
         Topic 3: Contracts
            and Supplier Performance Management

         
         
         
         
            
            
            If a relationship is to
               be successful, both parties must know and understand their requirements,
               and this is accomplished through the use of a contract. Sales agreements
               or contracts are an important part of any supplier relationship,
               but they are essential in offshore partnerships due to transnational
               complexities.

            
            
            
            Here we first look at all
               types of contracts in general. This includes terminology and contract
               terms and conditions. This information can relate to contracts for
               logistics services as much as it relates to contracts with suppliers.
               After that, we provide information on contracts for the sale of
               goods between a buyer and a seller, focusing on domestic terms of
               sale using the U.S. as an example. International terms for the sale of
               goods are also addressed. Finally, we discuss supplier performance
               management, which is how organizations can help ensure that suppliers
               are performing at contractually specified levels.

            
            

         
         
         
         
         
            
            
            Contract Terminology

            
            
            
            
            
               
               
               
               
               
                  The ASCM Supply Chain Dictionary defines
                  a contract as

               
               
               
               
                  
                  an
                     agreement between two or more competent persons or companies to
                     perform or not to perform specific acts or services or to deliver
                     merchandise. A contract may be oral or written. A purchase order,
                     when accepted by a supplier, becomes a contract. Acceptance may
                     be in writing or by performance, unless the purchase order requires
                     acceptance in writing.

                  

               
               
               
               Other contract-related terms
                  defined in the Dictionary include
                  the following.

               
               
               
               
                  
                  
                     
                     
                     
                     Annualized contract
                     : A negotiated agreement with
                     a supplier for one year that sets pricing, helps ensure a continuous
                     supply of material, and provides the supplier with estimated future
                     requirements.

                  
                  
                     
                     
                     
                     Bilateral contract
                     : An agreement wherein each
                     party makes a promise to the other party.

                  
                  
                     
                     
                     
                     
                     Contracts
                        for the international sale of goods (CISG)
                     : Contracts that govern the sale
                     of goods in the international environment. They enable exporters
                     to avoid choice-of-law issues.

                  
                  
                     
                     
                     
                     Trading partner
                        agreement
                     : A contract
                     between trading partners that describes all facets of their business
                     together. It is a legal and binding agreement suitable for legal
                     purposes as well as standard working agreements.

                  

               
               
               
               The level of relationship
                  will dictate the type of contract that is needed. Ongoing relationships
                  can use an annualized contract, while partnerships, collaborations,
                  or strategic alliances will form a long-term trading partner agreement,
                  which is a type of bilateral contract.

               
               
               
               The purchase order is the
                  most common form of purchasing contract.

               
               

            
            
         
         
         
         
            
            
            Contract Types

            
            
            
            
            
               
               
               
               
               
                  Contracts take a few basic
                  forms that need to be differentiated because they strongly affect
                  which party accepts more of the risks if there are cost or schedule
                  overruns. The ASCM Supply Chain
                     Dictionary defines various contract types as follows.

               
               
               
               
                  
                  
                     
                     
                     
                     Cost-based contract
                     : A type of purchasing contract
                     in which the price of goods or services is tied to the costs of
                     key inputs or other economic factors such as interest rates.

                  
                  
                     
                     
                     
                     Cost-plus-fixed-fee
                        contract
                     : A contract
                     in which the seller is paid for costs specified as allowable in
                     the contract plus a stipulated fixed fee.

                  
                  
                     
                     
                     
                     Firm fixed-price
                        contract
                     : A contract
                     in which the seller is paid a set price without regard to costs.

                  

               
               
               
               A pure cost-based contract
                  minimizes the risk for the supplier because cost overruns are charged
                  to the customer. These types of contracts might be appropriate when
                  it is impossible for either party to accurately assess costs in
                  advance and there is a level of trust between partners. A drawback
                  is that the service provider may not have an incentive to make efficiency
                  improvements, such as a warehouse adding automation or acquiring
                  energy-efficient devices. Cost-based contracts need to be audited regularly
                  to ensure that all costs charged are reasonable and appropriate.

               
               
               
               Firm fixed-price contracts
                  minimize the risk for the customer because the supplier must absorb
                  all cost overruns. These contracts are appropriate for products
                  and services that have a market value that is easy to determine
                  or costs that are otherwise reliably estimated. Terms and conditions
                  in these contracts may ensure fair play. For example, a warehouse
                  that is charging a fixed price may specify that storage and throughput
                  levels be within a given range. Unlike with cost-based arrangements,
                  the product or service provider does not need to disclose their
                  costs or profit levels.

               
               
               
               
                  
                  
                  
                  
                  
                  Incentive arrangements
                  and contracts, which provide incentives for desired behavior or
                  continuous improvement, can help specifically with strategic, collaborative arrangements
                  between organizations. The ASCM
                     Supply Chain Dictionary defines incentive contracts and arrangements
                  as follows:

               
               
               
               
                  
                  
                     Incentive contract
                     : A contract where the buyer
                     and seller agree to a target cost and maximum price. Cost savings
                     below the target are shared between buyer and seller. If actual
                     cost exceeds the target cost, the cost overrun is shared between
                     buyer and seller up to the maximum price.

                  
                  
                     Incentive
                        arrangements
                     : Incentive
                     contract that allows for the sharing of the cost responsibility
                     between the buyer and seller. Incentives are incorporated into the contract
                     to motivate the supplier to improve its performance in areas such
                     as quality, on-time delivery, and customer satisfaction. There are
                     three elements of an incentive agreement: target cost, target profit,
                     and the sharing agreement.

                  
                  
                     
                     
                     
                     Cost-plus-incentive-fee contract
                     : A contract in which the seller
                     is paid for costs specified as allowable in the contract plus a
                     profit, provided certain provisions are met.

                  
                  
                     
                     
                     
                     Fixed-price
                        incentive fee contract
                     : A
                     contract in which the seller is paid a set price and can earn an
                     additional profit if certain stipulations are met.

                  

               
               
               
               Incentive arrangements
                  and contracts can be part of an overall trading partner agreement
                  or can be negotiated separately. The benefit of such arrangements
                  is that they align collaborative goals with individual motivations.

               
               
               
               As stated in the definition
                  of incentive arrangements, the organizations must settle on a desired
                  cost and a profit margin for goods or services. These targets should
                  be challenging but realistic and could be set in tiers that provide
                  increasing rewards up to a maximum level. Both parties will be motivated
                  to find ways to cut costs due to the mutual increase in profitability.
                  The targets can be increased over time as goals are met. The organizations
                  must also determine how the profits or excess costs will be split
                  among the partners and to what maximum price any cost overruns will
                  be shared among the partners.

               
               

            
            
         
         
         
         
            
            
            Contract Terms and Conditions

            
            
            
            
            
               
               
               
               
               
                  
                  Normal responsibilities
                  must be defined in contracts in the form of terms and conditions.
                  The ASCM Supply Chain Dictionary defines terms and conditions as “all the
                  provisions and agreements of a contract.”

               
               
               
               No contract should ever
                  be signed without first being reviewed by your legal representatives,
                  specifically those who have experience with contract law. No condition
                  should be allowed to remain in a contract if it is unacceptable
                  to either party.

               
               
               
               It is important not to
                  accept another party’s assurances that an undesirable contract clause
                  is simply standard “boilerplate” legalese that won’t be an issue.
                  If negotiations cannot arrive at a win/win set of contract details,
                  it is better to walk away than to accept unfair clauses.

               
               
               
               Contract clauses should
                  specify what actions can be taken by each party if unexpected events
                  arise or failures occur. They are both the rules of fair play between
                  the parties and the method of encouraging fulfillment of strategic
                  goals.

               
               
               
               Portions of a contract
                  that are allowed to change, such as pricing or the specific part numbers
                  covered by the contract, are usually documented in an appendix called
                  a schedule. This allows the bulk of the contract to remain the same
                  year over year and only the schedules needs to be renegotiated upon
                  contract renewal.

               
               
               
               Once the agreement is made
                  on both sides, the relevant signing authorities sign the contracts
                  and the new supplier is on board for the term of the agreement.
                  This process can be very brief and simple for a one-off arrangement
                  or very nuanced and complex if for a multi-year commitment.

               
               
               
               The following are some
                  of the common contract terms and conditions that should be clearly
                  spelled out in writing. Hypothetical examples are provided to illustrate
                  the contract concepts. (Note: These examples are not intended to
                  provide actual contract language, which should always be created
                  with the assistance of legal counsel.)

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        Good faith. This indicates
                        that both parties are entering into the agreement without any ulterior
                        motives.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Term of appointment. The duration
                        of the contract should be specified along with how it can be renewed,
                        if at all. (Renewal clauses are sometimes called evergreen clauses.)

                     
                     
                     
                     
                        
                        
                           Example: The contract duration
                           is for one year from the date of signing. The contract will automatically
                           renew for a period of one additional year each year unless either
                           party provides written notice to the other party within...

                        

                     
                     
                     
                     It is important to
                        determine a date in advance of the renewal date (and perhaps create
                        a calendar reminder) to ensure that all parties have enough time
                        to prepare for the renewal process.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Scope and territory clauses. Scope
                        clauses indicate the extent of the arrangement. For example, a contract
                        for an international representative might clarify whether the party
                        is acting as an agent or a distributor. In such cases, the allowed
                        selling territories or areas of control would also be included in
                        a clause to prevent the parties from becoming direct competitors.

                     
                     
                     
                     
                        
                        
                           Example: XYZ shall act as ABC’s
                           exclusive agent for all customers in the Guangdong province of China.

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Corporate account. This clause
                        dictates whether the contract is considered a corporate account.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Pricing. Accepted price quotes
                        may include more than just price per unit. For example, packaging
                        estimates may be included. Some contracts set fixed prices with
                        certain price increases allowed based on certain contingencies such
                        as increases in raw material prices (called escalation), while other
                        pricing contracts may specify that orders use current market prices.

                     
                     
                     
                     
                        
                        
                           Example: The unit pricing for
                           the product is set forth in Schedule B. Prices for spare parts,
                           accessories, and packaging are set forth in Schedule C. The supplier may
                           increase pricing in Schedules B and C once every 12 months during
                           the term of the agreement, not to exceed 4 percent and provided
                           that the supplier provides 3 months’ written notice prior to any
                           such increase.

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Delivery requirements. This
                        should specify dates, locations, and conditions such as how orders
                        will be placed, how a product is to be protected during shipment, what
                        modes of shipping are to be used, minimum or maximum orders, and
                        the like.

                     
                     
                     
                     
                        
                        
                           Example: The
                           supplier will deliver the products in accordance with the delivery schedules.
                           If the supplier fails to deliver the products in accordance with
                           the schedule, the supplier will provide written notice to the purchaser
                           stating the reason(s) and planned resolution.

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Domestic or Incoterms
                        ®
                         
                        trade terms. If the domestic
                        trade terms of a given country are to be used, these are specified.
                        Some U.S. trade terms are provided elsewhere as an example of domestic
                        terms. Incoterms® trade
                        terms stated in a contract will affect when each party is responsible
                        for the freight. Incoterms® trade
                        terms are highly recommended for international transactions; companies may
                        elect to use them for domestic freight as well.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Payment terms. Terms of payment
                        should address not only timing and form of payment but special issues
                        such as currency exchange. To manage risk, it may be possible to
                        stipulate the exchange rate to be used in the contract with the
                        supplier or a period of time during which a sampling of exchange
                        rates will be used as a basis for currency exchange.

                     
                     
                     
                     
                        
                        
                           Example: The purchaser agrees
                           to pay the supplier’s invoices within 30 days of receipt. Invoices
                           shall be paid in Hong Kong dollars (HKD).

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Performance criteria. How will
                        performance requirements be met? For example, specifications of
                        product or service attributes should be noted along with which attributes
                        are more important and why.

                     
                     
                     
                     
                        
                        
                           Example: The supplier agrees
                           to manufacture the product under ISO regulation certification requirements.
                           The supplier will maintain the documentation necessary to meet ISO
                           regulations.

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Quality assurance. The management
                        process and performance standards the organization has in place
                        in order to assure quality, including any specific standards with
                        which the supplier must be compliant or registered, should be specified.

                     
                     
                     
                     
                        
                        
                           Example: The supplier agrees
                           to the purchaser’s quality audits of the manufacturing facility
                           at the purchaser’s request and subject to scheduling approval.

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Order requirements. This includes
                        measurements of standard deliveries, quantities that a company wants,
                        and the date on which the order is due. The contract may state the
                        company order period (e.g., 60 days), which is the time between
                        when a purchase order is placed and goods are available per the Incoterms® trade terms. Purchase
                        orders are also considered contracts with stated quantities and
                        pricing confirmed by each party.

                     
                     
                     
                     
                        
                        
                           Example: Deliverables and dates
                           are as specified. Three days early or late is considered acceptable
                           on-time delivery and used for supplier evaluation purposes.

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Associated incentives and penalties. The
                        contract should detail how an organization will provide business
                        assistance and/or incentives to a supplier or help them to improve.
                        Incentives may include contractual sharing of cost savings. Any
                        penalties to be assessed when problems occur need to be communicated
                        as well.

                     
                     
                     
                     
                        
                        
                           Example: Failure
                           to deliver the product in accordance with delivery schedules and
                           failure to resolve the issue within 30 days will give the purchaser
                           the option to terminate the agreement, with written notice to the
                           supplier.

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Status reporting. A successful
                        partnership depends on good communication. Both parties must establish
                        trust and confidence with each other so that an open exchange of
                        information occurs. The contract should cover provisions for routine communication
                        in terms of frequency and types (e.g., face-to-face meetings, online conferencing,
                        electronic reports, hubs or dedicated workstations, intranet sites, blogs).

                     
                     
                     
                     
                        
                        
                           Example: The purchaser will
                           establish an internet-enabled portal where employees and partners
                           can post daily communication entries and notes to support collaborative
                           planning, forecasting, and replenishment. Regular meetings will
                           be held to review open orders, engineering changes, design issues, production
                           issues, etc.

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Channels for resolving problems. In
                        the event of quality or delivery problems, what are the expectations
                        and protocol for corrective actions to enable a swift resolution
                        and prevent a recurrence? If task conflicts arise from disagreements
                        in viewpoints or ideas, what conflict resolution technique will
                        be used that is culturally and contextually appropriate? Specific
                        clauses may exist for mediation or arbitration. Mediation clauses
                        require formal mediation of disputes prior to any arbitration or
                        legal proceedings; arbitration clauses indicate that a specific arbitration
                        panel can or must be used instead of resorting to the courts to
                        settle disputes.

                     
                     
                     
                     
                        
                        
                           Example: Following
                           fact finding and the opportunity for both parties to discuss a point
                           of contention, alternate dispute resolution, including a third-party arbiter,
                           shall be used to resolve conflicts. This third party shall be mutually agreed
                           upon before contract signing.

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Security, intellectual property,
                           or nondisclosure requirements. What are the safeguards that
                        must be in place to prevent unauthorized access to proprietary or
                        sensitive data? Are there data that need to be classified? Are
                        there specific requirements for sharing data? Are there security
                        issues for the goods in transit that need to be addressed to meet
                        the customs compliance requirements of specific countries? This
                        contract element involves measures to mitigate security risks for
                        both parties.

                     
                     
                     
                     
                        
                        
                           Example: Neither
                           party shall disclose confidential information that has been disclosed
                           to it by the other party to any other third party, without the prior written
                           consent of the disclosing party. Freight forwarders and transportation providers
                           must be C-TPAT- and AEOS-certified.

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Language of the contract. Will
                        a contract written in English be acceptable to all parties? Are
                        there are language differences that necessitate translation? Correct translation
                        is critical. It is also beneficial to define all vague wording (multiple meanings)
                        and acronyms. Depending on how many of these terms exist, a separate section
                        may be warranted.

                     
                     
                     
                     
                        
                        
                           Example: The
                           initial contract will be written in English. The document will be translated
                           into Spanish by the organization’s translator and submitted to the supplier
                           for review. If automated translation assistance is used, the Spanish version
                           will be translated back into English so the original can be compared
                           to the twice translated version. The translator will address any
                           translation questions from each party. It should be noted that the
                           term “business day” means a day other than a Saturday or Sunday
                           on which banks are open for business in New York and Luxembourg
                           City.

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Contract termination. The process
                        and terms for contract termination (e.g., when and how, advance
                        notice) should be defined. A force
                           majeure clause should also be included to absolve either party
                        from fulfilling the contract in the case of natural disasters or
                        other “acts of God” that cannot be avoided (e.g., a major storm
                        sinks a ship).

                     
                     
                     
                     
                        
                        
                           Example: This
                           agreement may be terminated by the purchaser for any reason with
                           6 months’ prior notice to the supplier.

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Legal authority. In global
                        sourcing, an organization’s relationship with a supplier may be
                        influenced by many layers of laws, regulations, directives, and international
                        treaties. Requirements of particular countries should be specified. The
                        choice of forum or the venue of the court that will rule on any
                        disputes is often clarified and is typically linked to the choice
                        of law.

                     
                     
                     
                     
                        
                        
                           Example: The
                           validity of this agreement and any amendments shall be governed
                           by the law of the Czech Republic with the intention that the rules
                           of the United Nations Convention on International Sale of Goods
                           shall not apply with the application of any conflict of principles.

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Indemnification. This clause
                        states that each party agrees not to hold the other party liable
                        for unrelated actions.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        “Entire agreement supersedes.”
                        This clause ensures that the current contract is the entire agreement
                        and that it supersedes any prior version of the contract that exists.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        “Executed in counterparts.”
                        This clause means that identical copies of the contract can be signed
                        in parallel by the parties and then swapped to obtain the matching
                        signatures. This clause is important because the time to obtain
                        the signatures can be excessive relative to the length of the contract.

                     
                     

                  
                  

               
               

            
            
         
         
         
         
            
            
            Terms of Sale and Trade

            
            
            
            
            
               
               
               
               
               
                  
                  
                  When contracts are written
                  for buying and selling goods, the organizations entering into an
                  agreement are free to negotiate specific terms and may use one-time
                  purchase orders or a longer-term contract as discussed above. Terms
                  that must be specified include the price, quantity, and characteristics
                  of the goods as well as service responsibilities. The ASCM Supply Chain Dictionary defines terms of sale as follows:

               
               
               
               
                  
                  In
                     international trade, the element of a contract that states the delivery
                     and payment terms between a buyer and a seller. It includes when
                     and where the transfer of goods will occur, documentation that is
                     required, and liabilities for both parties while the goods are in
                     transit.

                  

               
               
               
               Some commonly used U.S.
                  domestic trade terms included in contracts are described below.
                  Use of domestic or international trade terms makes trade easier
                  and helps partners better understand one another.

               
               
               
               
                  
                  Free
                     on Board (FOB) U.S. Domestic Trade Terms

                  
                  
                  
                  
                     
                     
                     The designation Free on Board or Freight
                     on Board (FOB) is a U.S. domestic freight pricing term that can
                     apply to various modes of transportation. Note that, somewhat confusingly,
                     there is also an international FOB Incoterms® trade term to be used
                     only for sea and inland waterway transport; this term is described
                     in greater detail elsewhere. If you see FOB followed by the terms
                     “Origin,” “Factory,” or “Destination,” then it refers to this U.S.
                     domestic shipping term. “Origin” or “Destination” identifies when
                     the title and control of a shipment passes from buyer to seller;
                     “Factory” is a synonym for “Origin.”

                  
                  
                  
                  FOB is a simple way to quote pricing for
                     purely domestic U.S. freight:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        In
                           FOB Origin pricing, the seller indicates the price of goods at the
                           origin and agrees to tender a shipment for transportation but assumes
                           no further responsibility. This means that the buyer assumes title
                           and control at the point of pickup, from selecting the mode of transportation
                           to assuming all transit risk associated with loss or damage.

                        
                        

                     
                     
                     
                     	
                        
                        
                        In
                           FOB Destination pricing, the seller maintains product ownership
                           and title until delivery is complete.

                        
                        

                     
                     

                  
                  
                  
                  One of the most common
                     misconceptions it that the organization paying the freight bill
                     assumes responsibility for the ownership of the goods in transit,
                     freight costs, or filing freight claims. As you can see, this is
                     not always true.

                  
                  
                  
                  
                     Exhibit 4-36 is
                     a sample of some of the different types of arrangements under FOB.

                  
                  
                  
                  
                     
                     
                     

                     
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 4-36: FOB Origin/Destination
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                  Delivered
                     Pricing

                  
                  
                  
                  
                     
                     
                     The biggest
                     difference between delivered pricing and FOB is that in delivered
                     pricing the seller establishes a price that includes transportation.
                     Similar to FOB, delivered pricing has several variations:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        
                           Single-zone delivered pricing. To
                           set a single-zone price, sellers sum recent actual shipping costs
                           for every transaction across the zone and then average them. The
                           price is recalculated periodically to reflect any market changes.
                           Some buyers who might have faced a higher price, based on their
                           locations, realize a savings.

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           Multiple-zone delivered pricing. In
                           this model, different prices are charged for different geographic
                           zones. Zones are created using distance, and a more proportional
                           transportation cost is assigned to each buyer.

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           Base-point delivered pricing. This
                           is the most complex of the delivered pricing models. A base point,
                           usually a manufacturing facility, is used as the starting point for
                           measuring distance whether the product is shipped from there or
                           not. The industry that uses this most often is car manufacturers.

                        
                        

                     
                     

                  
                  
               
               
               
               
                  
                  Pickup
                     Allowances

                  
                  
                  
                  
                     Pickup
                     allowances are similar to FOB Origin. Buyers are given a reduced
                     price if they, or a representative, pick up the goods at the seller’s
                     location.

                  
                  
               
               

            
            
         
         
         
         
            
            
            Supplier Performance
               Management

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  When developing supplier
                  metrics and key performance indicators (KPIs), it is best to enlist
                  the participation of the suppliers to get their buy-in—in other
                  words, to ensure that they agree with the metrics and understand
                  their purpose. This way, a supplier can proactively work toward
                  the partnership’s objectives and goals and can self-correct. All
                  metrics and targets need to be explicitly communicated, and failures beyond
                  a given threshold need to be acted upon or the metric will be meaningless.
                  It is important to set up regular opportunities for formal and informal
                  communication. These can be a chance for the supplier to suggest
                  continuous improvements.

               
               
               
               Key metrics for procurement
                  will include many of the metrics discussed elsewhere. They need
                  to be customized for each supplier relationship and specified in
                  the contract. A supplier scorecard is a useful way of organizing
                  these metrics. Weighting can be placed on each metric depending
                  on its importance. The scores would need to be normalized, such
                  as all being percentages. Then, much like the supplier criteria form
                  shown elsewhere, the percentage times the weighting would produce
                  a weighted score that could help assess suppliers against one another
                  using a one-number result. These scorecards would be reviewed with
                  suppliers on a regular basis, or they could be part of a web-based
                  dashboard that both parties could check regularly. Scorecards might
                  include objective measures, like correct quantities or percent defect-free,
                  as well as more subjective measures, such as ease of communication
                  or fast and thorough response to feedback. Scorecards might also
                  address innovation and learning such as adoption of new technologies.
                  One organization rates its suppliers on the “magnitude of the cost
                  savings” they bring to the partnership.

               
               
               
               Some obvious metrics for
                  buyer-supplier contracts include variance from agreed-upon price,
                  quantity, type or subtype, order timing, and quality.

               
               
               
               Price should also be compared
                  against indexes or other objective external cost data whenever this
                  is possible to determine if price renegotiation needs to occur.

               
               
               
               Order timing should track
                  both early and late deliveries by magnitude and frequency. Early
                  deliveries can make a general average seem more reasonable than
                  it is and they create their own issues, so the measurement system
                  should not treat this as a positive.

               
               
               
               Quality controls can include
                  statistical process control and measuring the degrees of variance
                  in terms of numbers of sigmas from the mean (the expected result).
                  It is wise to monitor other things like the supplier’s financial
                  stability.

               
               
               
               Finally, the organization
                  may decide to set policies for sustainability and ethics that the
                  supplier will need to uphold in order to continue to remain a preferred
                  supplier. Failures might be met with an action plan and a grace
                  period for making the change in an economically feasible manner.
                  Audits, including on-site visits, will be needed to measure compliance.

               
               
               
               One way of improving cost
                  control while simultaneously improving quality is to certify suppliers
                  based on preset criteria and track record. After a rigorous qualification
                  and periodic review process, the organization might be able to eliminate a
                  number of expenses such as incoming inspections. The organization
                  can also use certification as assurance that their suppliers are
                  following sustainability or ethics guidelines (if these are included
                  in the certification).
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(Ending Inventory —Beginning Inventory) + Forecast

Production Rate = Number of Periods

(1,000-1,500) + (5,200 + 5,400 + 4,900)
3

= 5,000 Units per Month in Q1
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Algebraic Sum of Forecast Errors
Mean Absolute Deviation (MAD)

Tracking Signal =

(-3.4) + (-3.86) + (1.13) + (0.64) + (2.81) + (0.63) + (0.77) + (1.09) + (-1.56) + (-0.76) + (-1.71) + (-3.88)

1.86

= —~= — —4.36(rounded)
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Period 1 2 3 4 5 6 7 8 9 10
Forecast 20 22 21 25 24 23 21 21 25 25
Customer orders 19 17 15 11 9 5 2 1 0 0
Projected available balance (PAB)‘ 50 | 3 14 49 24 0 27 6 35 10 35
Available-to-promise (ATP) 14 15 43 49
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DC A SKU 21-453 Safety stock =0

Minimum order quantity = 50 units
Lead time = 2 weeks Lot size = 50 units

Week 1 2 3 4 5 6 7 8
Gross Requirements 110 | 110 | 110 | 110 | 110 | 110 | 110 | 110
Scheduled Receipts 100

Projected Available Balance | 170 | 60 50 40 30 20 10 0 40
Net Requirements 0 0 60 70 80 90 100 | 110
Planned Order Receipts 0 0 100 | 100 | 100 | 100 | 100 | 150
Planned Order Releases 100 | 100 | 100 | 100 | 100 | 150
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Week 3 PAB =50 + 0 +

100 — 110 = 40
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Warehouse

Standard pallet cube (m3)

Week

— o e e e e e A

Copenhagen Date from/to
1.5722222 Max pallets/container

Item
23-7302-01
23-7302-02
23-7302-03
24-3232-01
24-3232-02
55-4223-01
55-4223-02
55-4223-03
61-4662-01
61-4662-02
Totals

Quantity

1-Jan-2020
35

Order type
90 Cust Order
41 Cust Order
22 Cust Order
47 Cust Order
75 Cust Order
350 Planned Order
250 Planned Order
725 Planned Order
1,000 Cust Order
350 Cust Order

2,950

7-Jan-2020
Weight (Kg) Pallets Cube (m3) (pallet)
308 10 16
140 5 8
75 3 5
159 5 8
253 8 13
1,357 16 25
969 11 17
2,811 32 50
75 47 74
26 17 27
6,174 154 242
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Ranking: 1 = worst to 5 = best; all amounts in U.S. dollars
Cost for 10,000 units (CL) delivered to Factory ABC warehouse

*Inventory carrying cost based on necessary ordering interval

Landed Cost Rating Supl-l\alier Supglier Supglier
Price $2,200 $3,200 $2,000
Transportation cost $800 $500 $1,400
Inventory carrying cost* $400 $200 $600
Total landed cost $3,400 $3,900 $4,000
Rank/weighted rank 15% 5 0.75 2 0.30 1 0.15
Value Factors
Technical capability 10% 2 0.20 4 0.40 5 0.50
Capacity 10% 5 0.50 3 0.30 3 0.30
Reliability 10% 2 0.20 2 0.20 3 0.30
Flexibility 5% 2 0.10 4 0.20 5 0.25
Aqility 5% 4 0.20 5 0.25 2 0.10
Collaboration 10% 3 0.30 3 0.30 4 0.40
Quality 5% 1 0.05 2 0.10 5 0.25
Rank/weighted rank 1.55 1.75 210
Risks
Availability 10% 2 0.20 3 0.30 4 0.40
Lead time 15% 3 0.45 4 0.60 4 0.60
Price change 5% 5 0.25 2 0.10 1 0.05
Rank/weighted rank 100% 0.90 1.00 1.05
Cumulative weighted rank 3.20 3.05 3.30
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PAB Prior to DTF = Prior Period PAB + MPS — Customer Orders
Period 1 PAB 50 Units + 0 Units — 19 Units = 31 Units
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DC A SKU 21-453 Safety stock =0
Minimum order quantity = 50 units
Lead time = 2 weeks Lot size = 50 units

Week 1 2 3 4 5
Gross Requirements 110 | 110 | 110 | 110
Scheduled Receipts 100

Projected Available Balance | 170 | 60 50 40 | -70

Net Requirements 0 0 60 70
Planned Order Receipts 0 0 100

Planned Order Releases 100 0
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Forecast = |A — F|
= |31 Units — 34.4 Units| = | —3.4Units| = 3.4 Units
where:
A = Actual Demand

F = Forecast Demand
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DC A SKU 21-453 Safety stock =0
Minimum order quantity = 50 units
Lead time = 2 weeks Lot size = 50 units

Week 1] 23] 4 -

Gross Requirements 110 | 110 | 110 | 110 ;rewlesagrec(ljleirnWV?/Seek 0 and
Scheduled Receipts 100 is no longer a planned
Projected Available Balance | 170 | 60 50 | —60 | -170 order, thus the O in

Net Requirements 0 0 60 170 planned order receipts.
Planned Order Receipts

Planned Order Releases 0 0
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3

(15 + 12.96 + 14)
3

3-Month Moving Average =

January Year 4 Forecast = = 13.99 Units
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PAB After DTF = Prior Period PAB + MPS — Greater of Forecast or Customer Orders
Period 6 PAB 0 Units + 50 Units — 23 Units = 27 Units
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First Period ATP
Period 1 ATP

Inventory on Hand + MPS — Sum of Customer Orders Before MPS
50 Units + 0 Units — (19 Units + 17 Units) = 14 Units
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y = a+ Bx

Roofing Sales = a + (B x Prior Month's Housing Starts)
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Week 3 Net Requirements = 50 + 0 — 110

—60, expressed as 60

Week 4 Net Requirements = 40 + 0 — 110 = —70, expressed as 70
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Warehouse

Standard pallet cube (m3)

Container type

Exterior dimensions

Product family
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23-9320
24-3232
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55-2123
55-4223
61-3203
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Containerloads by
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122mx244mx29m Interior volume (m®)

Date from/to

1.5722222 Max pallets per container
Max weight net load (Kg)

1-Jan-2020

35

26,580

75.3

31-Jan-2020

Forecast of shipments Weight (Kg) Pallets Cube (m3) (pallet)
1,493 5,103 150 235.83
1,726 6,232 170 267.28
1,299 4,381 130 204.39
1,044 4,910 103 161.94

766 2,487 70 110.06
6,943 26,922 299 470.09
5,025 27,032 260 408.78

11,000 826 511 803.41
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