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A Rolling SKU Gathers Fewer Costs

        Ten miles west of the Ohio-Pennsylvania border is Delphi Automotives’ new Cortland factory.  Its 120 presses turn out a billion plastic housings a year for electronics connectors that are used in the automotive industry.  Recently, Fortune magazine featured this plant as being one of America’s elite factories.  One of the things that make Cortland world class is its “e-manufacturing network” which monitors each molding machines, its tools and fixtures, its orders, and its inventories.  

      John Stefanko, the plant superintendent commented: “ You’ll see lights blinking, and you’ll see automatic guided vehicles moving around, but what you don’t see is just as important as what you do see.”   One of the things that you don’t see much of is inventory.   When nylon pellets arrive in sealed, reusable bins, each bin is bar coded to record which machine will use it and when the raw material will be used.  When needed, the bin is pushed under a vacuum that sucks the material into pipes that deliver the material as needed to the machines.

      Each machine downloads each part’s “golden recipe” that is stored in the plant’s IT system.  Once a run has begun, the nylon pellets are pulverized into powder, heated to a liquid state, and then injected into the machine’s mold.  Each cycle produces two to thirty-two parts, depending on the die used.  The parts are cooled and then transferred to an awaiting box.  An online inspection system evaluates each part as it is ejected from the machine.  Off-spec parts are diverted to a separate bin.   Three consecutive faulty parts triggers an alarm that alerts the operator to the fact that corrective action is needed.  This rarely happens so each operator is able to monitor 15 machines.

     When a box is filled, the IT system prints a label and an AGV transfers the product to finished inventory storage.  Within a day, the unit is shipped to a nearby plant for the next manufacturing process.  Delphi’s manufacturing software controls and coordinates all plant activities: from the shipments of pellets into the system to the ultimate delivery to automotive customers.  With its new zero defect reputation and fast to product capabilities, Delphi hopes to extend its customer base beyond the cutthroat automotive industry.

Source: Julie Creswell, “America’s Elite Factories,” Fortune, September 3, 2001

INTRODUCTION

     The goal of inventory management is to direct the flow of the right materials through the right processes so as to have product delivered to the right customers in a timely, cost-effective manner.  While inventory management started early in the 1900s, evolving information technologies have revolutionized the ways leading edge firms think of inventory today.  Although inventory remains an asset in a financial sense, world-class inventory management has become an asset in a strategic sense. 

The driving philosophies in inventory management, circa 2002 are:

· The faster inventory flows through the system, the better

· Demand forecasts are the most important input to the inventory management process

· The best source of demand information is the customer, either in the form of a firm customer order or as part of a collaborative process.  Customer guesses generally are better than supplier guesses.

· If the customer can not or will not provide this input, then use your analytical skills to understand the patterns of past demand and then ask is the past a good predictor of the future?

· Keep the inventory management process as simple as is possible.

· Optimization techniques may not result in an optimum inventory control system

· KISS should be considered guiding strategy.  (KISS stands for keep it simple stupid.)

· Use information technologies to their fullest so as to create the most responsive information flow presented in its most useful form.

In the introductory story, each of the above was being practiced.   Once a firm production order was received from its downstream plant, the nylon pellets were transformed into finished injection molded product, inspected, and then shipped.  No more than was requested is produced, partly due to its online quality control system.  The few rejected products were immediately ground up and recycled.   What Delphi and other world-class companies do is deliver value to their customers, i.e., they deliver a quality product with the right features when their customers need it.  

     In some situations, customers expect vendors to have some inventory on hand so that they can examine, try on or out, and otherwise experience the product before deciding to buy.  Many consumers are this way, although rising B2C sales indicates that this is becoming less so for some products such as books.  When the customer does not have to take physical possession of a product immediately, the strategic decision becomes that of deciding where inventory is best placed to stock product or product components in the supply chain.

       In other situations, customers (end product buyers and supply-chain customers) do not need on-hand inventory, but they demand on hand stock  to ensure that their needs will be met in a timely fashion.  This is just-in-case inventory may be a symptom of past supply chain short comings.  The need for JIC inventory diminishes when effective production planning is matched by proven fast to product capabilities.  When a firm plans its work and then works its plan reliably, the frequency of emergency orders diminishes.  Likewise, when a firm has sufficient manufacturing flexibility, quite possibly by maintaining reserve capacity, it is able to produce goods at the right times and quantities as needed by customers—once again reliably.

      The placement of inventory within a supply chain is a strategic system design issue.  For example, the decision to utilize an assemble-to-order market orientation usually is done to broaden the product variety that a firm can offer its target customers.  One consequence is that any firm using a pure assemble to order market orientation will have no finished goods inventory.  If the firm must respond quickly, it must either maintain component inventories or have vendors with quick response capabilities.  Market orientation decisions are strategic.  Decisions that relate to the replenishment of these inventories are operational issues.  

      In this shell, we introduce some basic operational inventory management concepts and practices.  Three traditional ways to stock or replenishment inventory are discussed (independent demand inventory management, materials requirements planning, and just-in-time inventory management).   Throughout the shell, we shall strive to place each issue in the context of the larger strategic question: “How might this decision influence the firm’s ability to satisfy the firm’s marketing strategy?”

A Brief History of Inventory Management 

      A historical review of inventory management reveals a cyclic pattern in which oscillated between the use of micro approaches that use local decision rules that make individual product inventory decisions to the use macro approaches that strive to manage inventories on a system wide basis.  Inventory management began at the micro level when Ford Harris first used mathematics to answer the shop floor level question “How many units should be made in one batch?”1    The person asking this question sought to resolve to an economic tradeoff problem.  Making a product in larger batches meant that lump sum production setup costs could be spread over all units made in a batch.  But larger batches meant that more units would be placed in inventory, thereby increasing holding costs.  Harris created the classic economic order quantity (EOQ) formula which used unit inventory carrying costs, a fixed production setup cost, and an estimate of the annual demand to find a minimum cost batch size.  

     Over the next five decades, hundreds of inventory models were developed to help determine the optimum inventory policies over just about every conceivable inventory-stocking situation.  They answered two basic questions, how much should be produced or ordered at one time, and when should that order be placed.*   Most of the models developed dealt with these issues on a single product decision-making was done with no consideration of the decision’s consequences on the other items that the firm held in inventory.  These were called local decision rules.

      In the 1960s, two new wrinkles were added.   The first was the result of the migration of computers out of the accounting realm to factory floor.  IBM and others started to use computers to track the demand and usage for items kept in stock.  SKUs were given numerical names to define products and components precisely.  Computers like it that way.   In these early inventory systems, predetermined reorder quantities and reorder points were used to trigger replenishment orders.   In order to get the third input to the EQO formula, exponential smoothing was used to estimate the demand rate.  Recall, that early computers had limited memory so the information storage requirements so these simple formulae did not tax the computers’ capabilities.  

___

*  There is a third type of question: Who should we purchase the goods from? or What process should we use? The purchasing function dealt with who questions.  Production planners usually decided what process questions.

      Three of the major shortcomings of these early computer-based inventory control systems were:

· They triggered orders of goods based on historical and current demand rates.  If the future was likely to be different than the past, then some other means needed to be used to prevent the production or purchase of goods that were unlikely to be sold quickly.  

· They used local inventory management decision rules to generate lot sizes and reorder points.  No consideration was given to how busy the factory was and the factory’s storage capacity.  Operations managers dealt with these problems by demanding longer production lead times to give them some flexibility over their operations.  So if a production run might take six hours of machine time, the system used a longer lead-time, say one week.  This is equivalent to your instructor giving you one week to do a six-hour homework assignment.  While this seems like a reasonable lead time, the result was a less responsive supply chain with more work in progress inventory.

· They did not use all of the information available.  The local decision rules did not allow for the fact that the usage rates of many component parts are related.  For example, the usage rates of hamburger buns and meat patties both are driven by Big Mac sales.   Early inventory management systems did not use this information so they treated the usage rates for buns and patties as having independent demand.  The Big Mac example is trivial, but consider what happens when hundreds of parts go into making an automobile.  It made little sense to track and forecast the usage of items individually when a much smaller number of end products actually drive component usage rates.  This recognition led some to concentrate on end product demand forecasts and then use these to calculate the likely usage rates for all of the components that are needed to make end product items.

The result was that while these early inventory systems made dealing with large number of SKUs manageable, an unintended consequence was a less responsive system with low inventory turnover rates. 

     In the 1960s, other practitioners noticed that local-rule-driven inventory systems did not effectively use all of the information available.  They noted that the computerized inventory control systems did not recognize that the demand for most component parts was dependent on the production of end products.  For example, the demand for parts needed to make a bike is can be determine once we know how many bikes the firm plans to make.  This led to the development of a dependent demand inventory planning system that came to be known as materials requirements planning (AKA MRP).              

      Today, MRP is used whenever the number of part types is high, and dependent on the planned production of finished goods.  One advantage of MRP is that it is able to handle uneven end-product production plans. This allows operations to build what will be needed, not what we had just sold.  It also enabled operations planning to consolidate component usage that was driven by the different end products that used that item.  Lastly, by using a system-wide approach, the users of MRP were able to see how a proposed plan would impact the plants human, machine, and inventory resources.  The plan was not optimal, but when done right, it provided marketing and operations with a mutually agreeable, do-able production plan.

     By the 1970s, many American companies had fully developed world-class MRP systems.  Operations managers proudly proclaimed that their MPR systems were certified as a Class 1 system.   While they had much to be proud of, top management noted that certain Japanese firms were kicking butt in the marketplace by producing goods of higher quality, lower costs, and seemingly better product designs.  When we studied their manufacturing systems, two “silver bullets” were found.  The first was total quality management and the second was the Just-in-Time (JIT) manufacturing system.  JIT manufacturing has many features but we will cite two here.  The first was a micro inventory-triggering mechanism called kanban cards. Think of a kanban as an egg carton that holds twelve eggs.  When the last egg is used, the empty carton is sent upstream to signal that another dozen eggs should be secured.   When this system is used throughout a factory, the system coordinates the rate goods are made with the rate goods are being used.  Normally, this is a good thing.

     The second feature of JIT was that is strove to eliminate system variance by scheduling the same level of work each day within a planning period.   Whereas an American company would schedule all production of model A together, a JIT-based system would divide that amount by the number of days in the planning period in order to make the same amount each day.  If 500 units of a certain model of bicycles were to be made in a twenty-day planning period, the JIT system would make 500/20 = 25 units each day.  The use of load leveling enables JIT to use micro-rules to order individual items because it has planned the system wide rate at which production will occur.

      There is much more to JIT, but it is suffice to say that this tool revolutionized many American manufacturing systems.  Its benefits were obvious.  The amount of inventory needed to support JIT systems dropped dramatically.  It required its workers to strive to eliminate all forms of waste.  Machine setup practices are studied to reduce production setup times.  System reliability was the goal and system variance was the enemy.  The need for large-scale computer inventory control systems, including MRP systems, is reduced.  Unreliable suppliers are purged from the supply chain and inbound logistics are modified to enable the firm to bring in only what was needed when it was needed.  Manufacturing had become simple and fun again   If only we could get our customers to order goods in an orderly way.  And cut out or minimize those engineering changes!

     In the 1980s, MRP’s role was expanded to something called MRPII, which stood for Manufacturing Resource Planning.  This system-wide approach extended the MRP to include other factors of production such as human resources, machine capacity, and financial considerations.  Soon operations planners had merged their systems with accounting control systems.  This made sense since both the accounting and operations were using the same transactions to drive their systems, i.e., both accounting and operations needed to know that Production Order #3572-6 had moved from work center 45 to work center 81 and that $278.54 of costs had been incurred at work center 45.  Since this was 22% above the standard costs, it sent a red flag to management that for some reason, performance had not occurred as planned.  Once again, see another application of management by exception.

   As the century ended, these systems had evolved into something called Enterprise Resource Planning (AKA ERP).   Alas, the PC-practitioners had lost a battle and the MIS departments were on the rise again.  At this time, it is too early to say if ERP is the solution or the beginning of a new problem.  Early evidence does indicate that implementation of ERP systems is expensive.

     In the 1990s, another innovation began to show up in supply chains--something called collaboration.  It was based on the observation that the cause of unwanted inventory or unmet demand was that the players within supply chains players acted independently.  Within the food distribution supply chains, they noted that “special car-load” price promotions caused buyers to buy in an intermittent pattern.  Wal-Mart recognized that Proctor and Gamble’s Pampers Division management probably understood the demand for diapers better than it did.  Out of this came an inter-company group that called itself  “The Collaborative Planning, Forecasting and Replenishment Committee (AKA CPFR) with the mission to “improve partnership between retailer and suppliers through co-managed processes and shared information.”*    

      From this brief overview of the evolution of inventory control, you should note that what started out as a simple question at the shop floor level has continued to expand.  First, it expanded to a plant wide planning tool, then a company wide system, and it now is a supply chain wide endeavor.  It started out with mathematics as the basis for its process improvement and then expanded to an information technology based revolution.  And lastly, it started out as a set of local, optimization-based decision rules and then proceeded to collaborative thinking.  As we start out the next century, we no doubt will see these trends expand to include the customer as the starting point for the whole process.   In December of 1999, Nike announced a web-based program that will allow its customers to design and personalize athletic shoes per their whim—for an additional cost of ten dollar.

A TAXONOMY OF MATERIALS MANAGEMENT ENVIRONMENTS

      The number of ways to manage the flow of goods within supply chain is too many  to survey  here.  So we have elected to present a taxonomy that categorizes: inventory types, the nature of their material flows, and some of the more common ways in which firms manage the flow of materials.   Some of the more common ways to categorize the attributes of inventory and inventory control systems are:

Attributes of Inventory

Within Process Status

· Raw Materials provide the inputs to a product transformation processes.  The form of each input may range from a basic material, such as salt, to highly fabricated items, such as a computer monitor.  Often, what you consider a raw material to your process is a finished good of your supplier.

· Work in Process (WIP) generally refers to assets at some intermediate stage within a manufacturing or service system.  For example, within a job shop, once an asset has been removed from raw material inventory and starts its route through the job shop, it is classified as work-in-process inventory.  It remains so until it is transformed into the desired finished product.  Can you think of WIP within a service organization?

· Finished Goods are products that have been transformed into the state desired by customers.  In some systems, this is not a clean distinction since some items are developed to a saleable state but additional features may be added per specific customer requests. 

· Mistakes refer to items in inventory that are the results of bad decisions, unforeseen circumstances, and/or poor process control.

Within Supply Chain Location

· Upstream Inventories refer to inventories held by your suppliers and their suppliers.

· Product Transformation Inventories are process related items described in the first category.

· Wholesale Inventories are inventories held by mid-distribution system players

___

*   While we discussed this in Shell 6, you might want to revisit this organization’s web site at http://www.cpfr.org
· Retail Inventories are the stock retailers acquire for sale.

· Customer inventories: in certain supply chains, an end product user will stock inventories in anticipation of their use.  Sometimes customer inventory is placed on consignment with the user. 

· In-Transit Inventories are the assets that are between shipping and receiving points.

In addition to the location attribute of inventories, there are a number of other ways to characterize them:

Product Attributes

· Standardized items are products that meet industry standards and are not made to the specification of any one customer.

· Customized items are product that is made to meet unique customer specifications.

Customer-Product Linkages

· Goods made or purchased to meet specific customer orders

· Goods made or purchased in anticipation of customer order—most often these are standardized products—but not always.

· Goods sent back by supply chain partners and/or their customers.

Economies of Scale Factors

· Manufacturing economies of scale 

· Setup driven considerations seeks to spread setup costs over larger batch sizes

· Process stability driven considerations seeks to keep the process running once hard to gain process stability has been achieved.

· Transportation economies of scale

· Truckload considerations

· Other transportation mode considerations

· Other Considerations

· Market promotions cause buyers to purchase more in order to get price discounts.
· Price uncertainty may cause firms to lock in costs if they anticipate price increases or decreases.
· Availability uncertainty may cause some to buy goods when they can get them—thereby minimizing the risk of being out of hard to get goods.
· Seller well-being

· The product is perishable or easily rendered obsolete

· The threat of theft is significant if left unguarded

· Product placement can aid or hinder the marketing of the product

Other ways to categorize inventory situations are by:

The Direction of the Flows

· Toward the ultimate customer: this is the normal direction of flow
· Back toward one of the suppliers: usually this is an undesirable situation but nonetheless it needs to be managed.  Believe it or not, some customers actually enjoy returning slightly used merchandise.
The Extent of Ride Sharing

· The good travels alone either in truckload quantities or as less-than-truckload shipments
· The item is combined with other items going from one or more vendors to the buyer
Shipping Service

· Seller provides shipping service 

· Buyer provides shipping service

Attributes of Transformation Process Flows 

· Product Flow Patterns

· Continuous flow such as from a chemical process

· Intermittent flow, such as from a job shop

· Order Trigger Mechanism

· Orders triggered independently, such as by a reorder point or kanban mechanisms.

· Orders driven by orders of higher-ordered items, such as end products (See MRP section)

· Orders triggered by collaborative planning processes

Attributes of Supply Chain Players

·  Degree of Cooperation and/or Collaboration

· Product buys predominate

· Process buys are the norm

·  Nature of Information Flow Connectedness

· Snail-mail, telephone and telex are the norm

· Advanced information technology networks

· Inter-firm Proximity

· Vendors are widely distributed often globally

· Vendors are close, i.e., within one day’s travel

· Onsite vendor (Vendor within your plant)

In each instance, the analyst needs to understand the nature of the buyer-supplier relationship.  In some cases, the attributes are the result of an effective supply chain system design process.  Then the task will be easier.   In other situations, the inventory manager must make due with an existing situation.  In either case, the goal is to create a flow of goods that effectively makes and ships goods in a timely fashion.  

 INDEPENDENT DEMAND INVENTORY CONTROL 

      As was noted earlier, single product inventory decision rules seek to answer three micro-questions:

· How much should be ordered at for the next batch? 

· When should that batch be ordered?

· Who should we buy it from or how should we make it?

One way to answer these questions is to use the following six-step procedure:

· Develop a fundamental understanding of the problem at hand.  What would management accept as viable objectives?  What type of model will best serve the user?

· What are the relevant variable costs and customer service parameters?

· Select the decision variables.  This can be an economic lot size , or the time between orders, or whatever works best for your problem.

· Write a total cost equation that expresses the problem’s relevant costs in terms of the decision variables selected.  Also draw a profile of how inventory will behave over two or three order cycles.

· Determine the best solution using a means most understandable to you and your client. You may be able to solve the problem with calculus, a graphical approach, or a spreadsheet.  The choice is yours.

· Evaluate the results in terms of its sensitivity to the cost and demand assumptions used.  Explain these to your client and make sure that he or she understands the limitations of the model.
To illustrate this process in use, suppose that we need to develop the optimum quantity for the following problem.  The firm seeks to determine the minimum cost order quantity for an environment in which the following assumptions can be made:

· Demand arrives at a constant rate of 36 units per day.  We will use the symbol D to denote demand

· A production setup cost of $100 is incurred each time a new batch is run.  Cs is the setup cost.

· The cost of carrying inventory over from one day to the next is $0.25 per unit.  CI is the holding cost.

If we let the order quantity Q be the decision variable, then the total cost equation for this problem is:

 Total cost(Q) =  Inventory costs + setup costs 

                        = CI times average inventory level + CS times number of setups

                   TC(Q) = CI *(Q/2) + CS  * (D/Q) =  $0.25 * (Q/2)  + $100. *  (36/Q)

The profile of inventory for this problem is:


Q



We assumed that the order quantity Q would arrive at the start of each cycle.  From geometry, recall that the average height of a triangle is one half its height so our using Q/2 to denote average inventory makes sense.

      To solve this problem using calculus, we take the first derivative with respect to Q and set it equal to zero.  When we do this we get:

    (-1)(CI) Q-2 + CSD = 0   which when rearranged is     Q2 = 2DCS / CI  or  Q = (2DCS / CI) ½ = 170 units

This is called the classic economic order quantity model.  Note that it answers the how much question   .  

       This is but one of the many economic order quantity models that have been developed to help answer the how much question.  Another is called the production-lot scheduling model and it differs only in that it assumes that the batch is received as it is made.  If production occurs at a rate of p units per hour and demand occurs at a rate of d units per hour, then inventory rises and falls in the following manner.




When you write the total cost equation for this set of assumptions and then differentiate with respect to Q, the following economic lot size formula results:  

                                                        Q =  (2DCS / CI) ½ *(p/((p-d)) ½.      

Note that the first term simply is the classic economic order quantity model and the second term is an adjustment that reflects the fact that the maximum inventory level is lower.  If the production rate is substantially larger than the demand rate, then this model converges to that of the classic EOQ model.  Question:  Which will result in the larger lot size?  Since p/((p-d) is greater than or equal to one, then the lot size obtained using the production lot scheduling model will always be greater than or equal to the lot size obtained from the classic lot size model.

     To determine when to reorder, one needs some additional information.  First one needs to know how long it will take to for an order to arrive.  This is called order lead-time and is designated with the letter L.   Secondly, we need to know the demand that will occur during lead-time.  If the demand rate is constant, then the reorder point simply is the lead-time times the demand rate during lead-time.

                         ROP = Reorder point under the constant demand assumption = d*L 

where d is the demand rate in units per day.   If demand occurs at a constant rate, then the next order will arrive just as the last unit of inventory is sold.  

     But most businesses do not exist in an environment without uncertainty.   This uncertainty can come from many directions.  Obviously demand during lead-time will vary.  So too might the length of time it takes to get the ordered goods.  And the number of defective units in a shipment may also contribute to uncertainty.  As a result, most firms find it necessary to carry safety stock to ensure product availability.

      The amount of safety stock carried is a function both of the level of uncertainty present and the service level called for by the business strategy.  If the firm is supplying a commodity, the need for safety stock is diminished.  But if being a reliable supplier of goods within the supply chain is consistent with the firm’s strategic goals, then some means to determine the right level of buffer inventory must be found.             Conceptually, the challenge of finding the reorder point is illustrated in Exhibit 1. 









When the level of inventory crosses the ROP, an order of size Q is made.  If demand occurs as expected, the goods will arrive at point A.  If however, demand occurs at the maximum likely rate, then all of the safety stock will be depleted just as the order arrives at point B.  The trick becomes that of determining the amount of safety stock that will be sufficient to give the firm the desired service level.

     This problem is made slightly more difficult by two factors:  The first is that the demand that occurs during the lead-time may not be independent.  If we have a probability distribution for daily demand, it may not be accurate to assume that the demand during a three-day lead-time will have a variance that equals the sum of the variances of the three individual days.  Remember that covariance term?  In some instances, a high level of demand during day 1 may indicate an increased likelihood of there being high demand in days two and three.  If the demand during the days has a positive covariance, then the variance of demand for a three day period will be larger.

     The second problem occurs when we state that we want to achieve an annual service level of  95%.  By this we mean that we want to be able to assure that we meet 95% of all demand annually.  Note that the firm is only at risk during the end of an order cycle.  It follows that the fewer order cycles that occur during a year, the less the firm will be at risk.  This observation means that selecting the right levels of Q and ROP are not independent.  The smaller the lot size, the larger the need for safety stock in order to achieve the desired level of customer service.

        Conceptually, we need to determine that level of safety stock, SS, that will achieve our service goals.  The expression we need to solve is:



ROP = ud * L +  SS 0.95    where ud   is the mean demand daily demand

The cost incurred to achieve this additional level of safety is   CSS  =  CI * SS0.95  .

       At this point, I am going to punt because to continue would result in coverage in greater detail than I want in our introductory shells.  Let me suggest two alternatives for solving the safety stock level problem.  The first is a quick and dirty method that sets the safety stock level by asking two questions.  The first asks, what is the longest likely lead-time?   Your records should provide an estimate of Lmax.   Then review your records to find the maximum demand that has occurred in any Lmax period span.   Divide this number by the mean daily demand to find this worst-case reorder point.  

      The third micro question, who to have supply the item has undergone considerable change.  For non-commodity items, this decision has been upgraded to a vendor selection issue.  As was discussed in Shell 10, when an item is suited for a capability buy, the decision as to who should be the vendor is made once and then only reviewed periodically.  If an item is suitable for a product buy, the buyer may put it out for bids each time the inventory system indicates that an order is needed.  One new wrinkle in this area is the use of e-commerce as a means to efficiently search for the most cost effective, qualified supplier.

Common Independent Demand Inventory Systems

      Over the past fifty years, a large number of inventory control systems have been developed—so many that practitioners developed a language to describe them.    Some of the more common  systems are:

· (R,Q) systems: This perpetual inventory systems constantly monitors the inventory level. Whenever the number of units on hand and on order fall below the reorder point R,  Q units are ordered.

· (s,S) systems: This perpetual inventory systems constantly monitors the inventory level.  Whenever the number of units on hand and on order falls below s, an amount sufficient to bring it up to S is ordered. 

· (t,S) systems: These are periodic order review systems that review the number of goods on order and in stock every t time periods and then orders enough to bring this number up to a reorder level S.

· (t,R,Q) systems:  This periodic order review system checks the number of goods on hand and on order every t periods.  If the number is below R, an order of size Q is made.  Otherwise, no order is placed.

Each of these approaches develops local decision rules to answer both the how much and when micro decisions. None use any information about future demand or the current load of the plant.  

MATERIALS REQUIREMENTS PLANNING

      As was mentioned earlier, MRP was created because pioneers, such as Oliver Wight, recognized that existing inventory control systems were not effectively utilizing all of the information at hand.  They noted that demand for parts within some manufacturing systems were not independently determined.  In many  factories, the actual usage of parts was being driven by the end product assembly operations that used those parts.  For example, the demand for a bicycle seat is a function of the final assembly of bicycles that use that seat.  It made no sense to them to continue using independent inventory control systems, such as an  (R, Q) system when they could calculate the actual seat usage from the plant’s final assembly schedule. 

      The MRP tool requires the following five inputs to its planning process.  

· A master production schedule that specifies the firm’s requirements for final products by time period.  These time periods are called time buckets, which may be days, production shifts, or weeks.

· A bill of material for each end product in the master schedule.  A BOM defines the number and type of components that are needed to make each product.  Your mother would have called this a recipe.

· Planned lead-times for each process within the system.  A planned lead-time is not the amount of time an operation will require.  It is the amount of time we allow a department to perform the task.

· Accurate information relating to the status of all final product and component inventory on hand.  

· Accurate information on the status of all outstanding orders for components—when and how many?

 Of the five elements, the master scheduling process is the most important.   The person serving as the master scheduler serves as an information buffer between the demands of marketing to satisfy customer orders and the operations that process them.  The MPS process seeks to achieve the possible by looking at the resources available before promising marketing when each order will be produced.  If inventory, machine capacity, or human resources is not available in sufficient quantities, then it is the responsibility of the master production scheduler to either secure the additional resources or to scale back the obligations of the master schedule.

     The master scheduling process adds detail to the production planning process.  In the aggregate planning process, production is planned using generic units, i.e., number of cars, etc.  The customers of the MPS process need detail.  OM needs to know exactly what they are to make.  The folks in sales need to be able to tell their customers when their orders will be completed.  

     Factory demand often is a mix of actual orders and forecasted demand, as is shown in Exhibit 2.

Exhibit 2

The Master Production Scheduling Environment

    





The master production schedule has a planning horizon that consists of a fixed number of time buckets.  One key task of the master scheduler is to synthesize the demand forecasted for each item with the actual order file.  Fore example, consider the following situation.

           Product: Model 45BJ21

Week 1    Week 2    Week 3    Week 4   Week 5   Week 6

           Forecasted Demand

                 500
       550           450          400        300          300

           Orders received


    450          600           300          200        100            50

           Max (forecast, actual)

    500          600           450          400        300          300

During the first week, actual orders lag behind that forecasted.  The reverse is true in week 2.  And in the next four weeks, the number forecasted exceeds actual, but that is not unexpected since this firm’s customers have come to expect a two-week lead time.  The question becomes, what should the master scheduler include in the firm’s final assembly plan?

      One rule of thumb is to use the larger of the two, as we have shown above.  But you might argue that 450 should be used in week 1 since it is unlikely that customers for the additional 50 units will arrive at this late date.  You might even argue that the forecast was right, but that 50 units of demand was delayed by one week.  Who knows!  This is why it is important for the master scheduler to work closely with marketing to base the final assembly plan on the best set of numbers.

      The second key input to the materials requirement planning process is the bill of material for each product included in the final assembly plan.   For the model 45BJ21bicycle, two types of bills of material are shown in Exhibit 3.   The first is a single level bill of material.  It is called that because it only shows the components that go into making that bicycle model—not the things that are needed to make each of the components.  The bill of material on the right is called an indented bill of material.  Components indented once go into making the end products.  Components indented twice go into the once indented component immediately above it.

         Exhibit 3

Sample Bills of  Materials

Single Level Bill of Material
Indented Bill of Material

Bicycle Model 45BJ21
Bicycle Model 45BJ21


1 
Frame (Part F345)
1 
Frame (Part F345)

      1
 Seat (Part WA250)
1 
Seat ( Part WA250)

      1 
Brake Kit (Part B321)
1  
Brake Kit (Part B321)

      1 
Front Wheel Assembly (Part FW100)
1  
Front Wheel Assembly (Part FW100)





1     Rim (Part R23)




1     Hoop (Part H23A)



       
 36     Spokes (Part S2301)




     
10 inches  of wire (Part W239)



1 
Rear Wheel Assembly (Part RW 101)
1    Rear Wheel Assembly (Part RW 101)

The indented provides more information but the single level BOM provides the final assemblers all the information that they need to know.  

      Within the MRP family, finished goods are called Level 0 products.  The next level upstream, the components that are used in the final assembly process, are called Level 1 items.  And so forth.   In the above BOM, the model 45BJ21 bicycle is a Level O item.  All other models assembled would also be Level O items.  The bicycle frame, its handlebars, wheel assemblies, and seats would be Level 1 items.  The rims and spokes that are used to make the front wheel assembly are Level 2 items.  Note also that the language of MRP is numbers.  All parts are given alphanumerical names.  Work is defined strictly in terms of units and amounts of resources used.

Exhibit 4

Number of SKUs by MRP Level

      



If the company wants to assemble customized bicycles, then it has two choices.  It can create the capability of having each customized product have its own bill of material.   This is feasible but it will greatly increase the difficulty of the master scheduler’s task. Or it could do the master scheduling at a lower level, such as at Level 1, the sub-assembly level.  If this is done, the master scheduler forecasts the usage of Level 1 items from past usage patterns, upcoming promotions, and the actual order file, when building the final assembly. 

      Knowing what you want to assemble and how many parts are needed to support each assembly tells us the total number of each part needed to support that plan.  But it does not tell you when they are needed.  In the pre-MRP era, it was not uncommon for firms to secure all parts needed to support a quarter’s build schedule at the start of the quarter.  The result, high inventory levels but production had the parts needed.

     A major contribution of MRP is its use of planned lead-times.  A planned lead-time is the time interval the planning system allows a department to perform a task, such as assembling a bicycle from Level 1 parts.  Since the final assembly line has a number of bicycles to assemble, the planning system assigns it to a time block and tells that department, “Do this task any time within the allowed planned lead time but complete it by the end of this period.”    The supervisor of that department then might respond, “Fine, but make sure that all of the items that we need to assemble that unit are available at the start of my planned lead time.”   The time blocks in Exhibit 5 represent the planned lead-time for each operation.   Note that each predecessor activity’s time block is completed before the next stage’s activities are started.  If we want to make this order by the end of the ninth week, we need to start making the wire stems at the start of the first week.  

     Gantt chart will exist for each units or batch of units in the master schedule.  The MRP program will combine the requirements for each component and calculate how many are needed at the start of each time block to support the master production schedule.

Exhibit 5

A Partial Gantt Chart of Bicycle Manufacturing


     






     To explain how this is done, let us introduce the MRP record.   A MRP record will exist for every part type—but not each order.  If five bicycle models require the frame with part number 45BJ21, then the record will combine the gross requirements for this part number into one record.   

Exhibit 6

A MRP Record











Let us define these terms in terms of our bicycle example.

· Gross requirements: this is the total amount of this item that is needed to support the master production schedule.  For Level 0 items (end products), the planned final assembly numbers for each model are placed in weeks 1 through 8 in the above MRP record with an eight-week planning horizon.  For items with higher-level numbers, the amount that appears in the gross requirements row will be calculated by the application package.  

· Scheduled receipts: In MRP, this term has a special meaning.   For purchased items, it includes only those planned orders for which a purchase order has been written.  This is a legal commitment to buy these items.  Do not place anticipated purchase orders in this row.  These will go in the planned order rows shown below in Exhibit 6.  For manufactured items, a scheduled receipt only includes items for which firm production orders have been released to the shop.  While no legal commitment has been made, MRP practitioners try not to change work assignments once they have been released to the factory.  It is assumed that all scheduled receipts occur at the start of the period.

· Projected available balance:  This is the planned beginning inventory for the item.  The beginning inventory for an item at the start of week 1 equals last week’s beginning inventory plus what we received from scheduled receipts and planned order receipts minus the items shipped/used in the prior period.  

· Net requirements: These cells report the actual number of units that the process needs in each period.  The net requirements indicate the amount by which demand (gross requirements) exceeds supply (projected available balance) in any period.  If this amount is positive, we have a potential shortage in that period and we need to receive a shipment that equals at least the net requirements.  If the net requirements is zero or negative, then we have sufficient supply to meet demand—provided no other action is taken in lower level MRP records to increase usage.

· Planned order receipts: These cells indicate the number of units of the component that the process will receive from internal or external suppliers at the beginning of each period.  These differ from scheduled receipts in that no firm commitment has been made.  We are planning here.

· Planned order releases:  The cells in this row indicates that the number of units that the MRP system plans to order at the start of the period.  When a number is entered in a cell, a like number should appear in the planned order receipt row L columns to the right—where L is the lead time.  For example, if the planned lead-time is 2 weeks, a planned order of 100 units placed at the start of week 1 will arrive as a planned order receipt at the start of week 3.

The late column indicates a problem.  A positive number in the late column of an item’s MRP record indicates that insufficient inventory exists to assemble all items planned for in the master production schedule.  It may still be possible to execute the plan, but some activities may need to be expedited.  Expediting often means that we ask some downstream operation to perform a task in less than its planned lead-time.  In effect, we are saying that it will receive an item late.  If it is only slightly late and if there are not too many late jobs arriving at that department, then the downstream process normally can respond.

     If the number and degree of lateness is severe, then this means that the master scheduling process needs to take steps that are designed either to relieve the factory from some of its work load or by increasing the amount of capacity within the factory.  Often this is done through the use of overtime and/or by sub-contracting out some of the work.

     At the bottom of the MRP record is an indication that we can use one of the independent inventory control decision rules within the materials requirements planning process.  If economies of scale dictates that production occur in economic order quantities, then the EOQ for that item can be included within the MRP logic.  Whenever the next requirements for that item goes positive, then an order of size Q is released sufficiently early to allow its delivery at the start of the project shortage.  While Exhibit 6 does not show it, it is also possible to build safety stock into MRP’s logic.

     To illustrate the ways MRP records are linked within a production planning process, consider the case in which we need to make the 45BJ21 model in the following quantities over the next eight weeks.

                                 Week 1    Week 2    Week 3   Week 4    Week 5    Week 6   Week 7   Week 8

Gross requirements            0            10               0            40            40              0            30             0

In Exhibit 7 we show how Level   0 parts (the bicycle) is linked to its Level 1 part ( the front wheel) which in turn is linked to its Level 2 part (the hub).  Other parts have been omitted to preserve simplicity.

Exhibit 7

Partial MRP Records for the Model 45BJ21 Bicycle



      In Exhibit 7, you should note that the gross requirements of the middle MRP record is driven by the planned order release cell of its parent, which in this case was the 45BJ21 model bicycle.  You should also have note that the use of economic lot sizes causes inventory to be carried into periods in which none was needed.  To minimize inventory, many MRP practitioners use other types of ordering rules.     

     If setup costs are low, a lot-for-lot rule is used which simply orders sufficient quantities to keep the projected balance equal to zero in all periods.  If manufacturing or purchasing economies of scale exist,  ““Order enough to cover our needs over the next four weeks.” Or  “Whenever the cumulative net requirements exceeds 100 units, order the cumulative requirement, i.e., if the net requirements over the next six weeks is 0, 40, 0, 70,0 and 60, we would order 110 units in time for their delivery at the start of week 2.”

Resolving Problems   

     The purpose of operations planning is to assure that the people doing the work are given a doable amount of work and sufficient resources to allow them to do it.  With MRP, the master production scheduler is able to detect problems of the following nature:

· Positive numbers in the late column:  This indicates that the system either does not have or is not able to procure or make the goods needed to support the current master production schedule.  Possible ways to eliminate this problem include:

· If lateness is minor, negotiate with downstream departments to accept a shorter lead-time for the production of that item.

· If some production is being scheduled to build finished goods inventory, consider delaying its production to a later time bucket or splitting the batch into two or more smaller batches.

· If the lateness is significant, then the master scheduler needs to reconvene discussions with marketing and operations management to consider reducing the number of orders accepted and/or providing more factors of production to the plant.

· Uneven production plans exist.   One feature of most MRP systems is the ability to project the likely workload by department—usually in terms of hours of work.  If the profile of the work load its uneven, then operations may request that the master schedule be changed in order to permit more efficient use of its productive resources.

· If the production system is taking too long to produce goods, then the operations planning system has a structural problem.  This can not be solved by MRP.  Shortening the planned lead times will not produce beneficial results unless the capabilities of the departments is changed.  This can be done, but it is a systems design issue—not an operations planning problem.

The goal of the master scheduling process is to produce a doable plan that will mutually satisfy the needs of marketing and operations.  In many industrial environments, the master scheduling serves as an effective communication device both between marketing and operations and within the departments of the operations system.  Marketing is able to gain a clearer assessment of the capabilities of an operating system.  It is less likely to make promises to customers that cannot be satisfied in a timely manner.  It also forces marketing to re-prioritize its orders so that its more important customers are well served.

       Within operations, the morning MRP meeting provides an opportunity to alert the players to problems that they may encounter.  Delays may not be eliminated, but the downstream departments can plan their work in order to minimize the adverse impact of them.  If no major problems occur, then the morning meeting is a good time to build better relationships with your comrades.

Advantages of MRP Systems

      Materials requirements planning systems are well suited for manufacturing environments that make end products comprised of a large number of component parts.  One of its strengths is its ability to utilize BOM information—thereby reducing the need to forecast the demand/usage of a large number of parts.  This is particularly helpful if the usage of a part is driven by a number of end products.

      MRP systems are able to plan production to meet the needs of future demand better than independent inventory control systems.  The master scheduler is building plans based on known and/or anticipated needs—not historical usage rates.  If future demand has uneven patterns, such as lumpy, sporadic demand, these can be built into the master schedule.  But most importantly, the master scheduler is able to focus his or her attention on the demand patterns of the vital few—not the thousands of component part demand.

JUST IN TIME MANUFACTURING

     Just-in-time manufacturing is most associated with the Japanese manufacturing revolution in the post-WWII era.  We could find instances of its earlier application, but American manufacturers really did not take note until they were challenged in the marketplace with a superior manufacturing system.  In the post-WII era, Toyota’s Taiichi Ohno visited Henry Ford’s River Rouge complex.  This was the wonder of the industrial world.  But Ohno noted two features of Ford’s system that he felt would not work in Japan.  The first was that Ford’s highly specialized machines required long setup times, hence the resulting economies of scale called for large production runs.  Secondly, he noted that the production rate of these highly specialized machines far exceeded to the usage rate of the goods that were being produced.  The result was high large WIP inventory. .

       When Ohno returned to Japan, he started developing a unique style of manufacturing—one that was more suitable for the Japanese manufacturing environment.  What evolved became know as JIT which stood for Just-in-Time manufacturing.  Actually there are two JITs, Big JIT and Little JIT.  Big JIT encompasses a set of organization-wide practices that collectively have as its goal the manufacturing of goods using the least amount of productive resources.  It heavily is focused on eliminating wasteful practices, which it defined as any activity that does not add value.  Some of the areas in which Big JIT strives to eliminate are: product design, process design, worker education and training, equipment maintenance, capacity planning, and operations planning.   Big JIT is the kissing cousin of Japan’s TQM movement in that both work diligently to eliminate system variance.

      The ways in which a firm responds to system variance varies.  Prior to JIT, many firms sought to protect their operations from system variance through the use of buffering mechanisms, such as having higher levels of inventory or longer production lead times.  JIT seeks to deal with system variance by eliminating as much as is possible to root causes of variance.   In the materials management area, those programs can be categorized as seeking to:

· Eliminating economies of scale wherever possible.  The Japanese strive to eliminate or reduce production setup times in order to make the most economic lot size as close to one as possible. In the transportation area, they replace inbound truck load shipments either with a series of mini-shipments or truckload quantities of a blend of the needed components.
· Eliminate factor of  production unreliability.  Whether it be a machine, a person, or a product, the Japanese will not accept less than reliable performance.  Workers are educated and trained to fully understand what is expected of them.  Machines are treated to preventative maintenance and other tools with the goal of continuously improving their reliability.  Suppliers know not to ship products late and off-spec quality.
· Eliminate factor of production waste.  Waste is any activity that does not add value.  Thus the flow of materials through a JIT business environment seeks to have parts arriving immediately before they are to be used, in the quantities needed, and without anything that will cause delay.  JIT’s waste seeking practices include needless paperwork.  If you need a computer to do it, it may be more complicated than need be.
JIT is an incremental approach.  Whereas some Americans always seek a silver bullet to restore their firms to world-class status, practitioners of JIT recognize that it is a journey.  Perhaps the best way to think of this JIT philosophy is to use its boat in a rock-filled lake analogy.

Exhibit  8: The JIT Sailboat

This lake did not get filled with rocks overnight.  It is the challenge of JIT practitioners to systematically lower the level of inventory that hides these problems.  As they surface, the rocks are eliminated and the continuous improvement process can continue.

     Little JIT refers to the pull system just-in-time uses to coordinate the flow of materials within the factory.  The key instrument for this program is something called a kanban.  Kanbans are cards that tell upstream departments that item has been used and it is okay to make a like amount.  You might consider the way in which your mom purchased eggs.  As you recall, eggs come in cartons of twelve.  When the last egg has been removed, your recycling-oriented mom takes the empty carton to the hen-house to have it filled with fresh eggs.  To be truly Japanese, your mom would need to find a quick response set of hens, i.e., ones that will produce eggs on demand.

      As simple as this mechanism seems, it can not be implemented without ridding the system of much of the causes of system variance.  The party filling the kanban card request ideally should be able and willing to ship small amounts of goods, quickly, reliability, and on-spec.  While it is not essential, it is helpful if that supplier be close     since delivery speed and transportation economics will be enhanced.

       The number of kanbans that are needed to support an operation can be approximated by: 

# of Kanbans  needed = [(lead time x average usage rate) x (1+α )] / kanban card capacity

The first part of this equation is no different than we used to calculate the reorder point in the constant demand case.  The (1+α ) term is nothing more than a safety stock generating fudge factor.  Set α = 0 and you will get a system with little or no inventory.  

        In order for this system to work well, it is necessary for the lead time to be relatively constant.  To help achieve this, all incoming kanban orders should be done on a first come, first served basis.   Lead time variance will also be reduced if the workload is stable.  Hence another key feature of effective JIT systems is level shop loading, i.e., the amount and mix of work being asked of the plant should be such that an even flow of work arrives at each work center.  It also helps to have work centers that can quickly switch from one job to the next without an undue amount of effort.  Flexibility and reliability are a must.

Advantages of Just-in-Time Manufacturing

      The benefits of just in time fall into two categories. The first is the elimination of waste that results from an organization-wide effort to adopt Big JIT.  What organization would not benefit from having all of its employees always seeking to eliminate waste?   The second benefit results from having your organization produce goods in a pattern that mirrors demand.  When sales goes up, so too does product quite quickly.  When sales decline, fewer kanban cards are released—hence inventory levels also will decline.  And it all is done without the use of expensive computer systems.

     On the down side, JIT does not do well in Lexus-lane companies.  Its desire to achieve minimum system variance makes it well suited for olive trees.  Changing product design often is not well received.

MATERIALS MANAGEMENT IN AN IT-DRIVEN WORLD

       No area of operations management has been impacted by information technology greater than the activities relating to managing the flow of materials.  It started with the advent of bar coding, which allowed OM practitioners to give each SKU a unique name.  Linking bar coded information to the computer increased the span of control capabilities of inventory management.  Soon each machine center had its own bar code designation so the flow of goods could be tracked as they flowed from one work station.   In the 1980s, Tandem created its real-time, on-line system for controlling and tracking the flow of goods within one of its plants, and many of us said “Wow!”   The advent of advanced telecommunication networks meant that these capabilities could be extended to multi-plant operations—even to global operations.  Soon the folks who developed MRPII were extending their reach to include the control functions of accounting, finance, and marketing.  Enterprise Resource Planning was born.

      The advent of the aforementioned capabilities provides operations managers the opportunity to do really neat things.   The challenge will be to retain this functions degrees of freedom so that the dulling influences of accounting and financial control personnel does not limit its potential.   We have for the first time in operations history, the possibility to work closely with marketing to truly understand what the customers want.    More will be learned from data mining of customer behavior than advanced control practices such as activity-based accounting.  

     The advent of the Internet provides firms increased flexibility in dealing with both customers and the players within its supply chain.  Collaborating with customers and supply chain partners will enable operations management functions to achieve customer service heretofore thought impossible while at the same time doing it with less and less inventory.  The direction of these collaborative endeavors should be along the firm’s supply chain—in both directions.  Value’s two cornerstone elements, flexibility and speed will be the watchword s in this IT revolution.  Most of it will occur in the Lexus lane, but world class service need not be limited to the fast lane.

SUMMARY

     We started this shell with a description of a world class factory that effectively used information technology and multi-plant collaboration to schedule the flow of goods through the plant. We used this example to illustrate how one firm is going about to achieve the goal of inventory management, i.e., to direct the flow of the right materials through the right processes so as to have product delivered to the right customers in a timely, cost-effective manner.   This prospective should not be lost.    

      We then introduced a taxonomy of the varying roles inventories play both within a supply chain and within the operations management function.  Like underwear, one size does not fits all, so we introduced the three basic types of tools operations managers use to manage the flow inventories within the supply chain.  Each works well in certain situations, each will need to change as the expectations of customers and supply chain players change. But the need to use any of these approaches is reduced whenever one can dissolve the problem with use of collaboration.  

End Notes
1.  Ford W. Harris, “How Many Parts to Make at Once,” Factory, the Magazine of Management, Vol.10. No. 2, 1913.

2.  R. G. Brown, Decision Rules for Inventory Management, Holt Rinehart and Winston, 1967.
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Number of SKUs by MRP Level
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                                                                                                   Period


                                                     Late      Week 1    Week 2    Week 3   Week 4    Week 5    Week 6   Week 7   Week 8


Item: Part 45BJ21


   Gross Requirements


   Scheduled Receipts


    Project available balance


    Net Requirements


    Planned order receipt


    Planned order release 


      


 Lead time = _____                                                                                                Lot size = _______





Week 1       Week 2        Week 3       Week 4        Week 5        Week 6       Week 7        Week 8      Week 9





                                                                                                   Period


                                                     Late      Week 1    Week 2    Week 3   Week 4    Week 5    Week 6   Week 7   Week 8


Item: Front Rim


   Gross Requirements                            50                        50


   Scheduled Receipts                             50


   Project available balance  BI=15       15          15            0            45         45          45          45           45 


    Net Requirements                                                          35


    Planned order receipt                                                     80


    Planned order release                        80


       Lead time = 2 weeks                                                                                                Lot size =  80 units





                                                                                                   Period


                                                     Late      Week 1    Week 2    Week 3   Week 4    Week 5    Week 6   Week 7   Week 8


Item: Front Wheel 


   Gross Requirements                                                         35                        30


   Scheduled Receipts


    Project available balance BI = 5          5           5             0           20          20          40          40          40


    Net Requirements                                0          0             30                        10             0           0            0


    Planned order receipt                                                      50                        50


    Planned order release                         50                         50


      


 Lead time = 2 week                                                                                                         Lot size = 50 units





                                                                                                 Period


                                                                                                   Late      Week 1    Week 2    Week 3   Week 4    Week 5    Week 6   Week 7   Week 8


Item: Part 45BJ21


    Gross Requirements                                0          10            0           40          40            0           30            0


  	 Scheduled Receipts                                             50  


   	  Project available balance   BI = 5          5          45           45           5           0              0             0           0


    			  Net Requirements                                  0           0              0           0          35            0            30           0


    			  Planned order receipt                                                                                   35                          30


    			  Planned order release                                                        35                      30


      


 			Lead time = 2 weeks                                                                                                             Lot size = None





� EMBED Word.Document.8 \s ���





             


             Normal


              Demand


              Rate 

















                 Maximum


                 Demand Rate


                 During Leadtime


                                                     


                                                    Lead  Time











Inventory and


On-Order Files





Time








_1071558392.doc





_888290998.unknown




